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RESEARCH LABORATORIES FOR THE ENGINEERING SCIENCES 



Members of the faculty who teach at the undergraduate and graduate levels and a number of 
professional engineers and scientists whose primary activity is research generate and conduct the 
investigations that make up the school's research program. The School of Engineering and Applied Science 
of the University of Virginia believes that research goes hand in hand with teaching. Early in the 
development of its graduate training program, the School recognized that men and women engaged in 
research should be as free as possible of the administrative duties involved in sponsored research. In 1959, 
therefore, the Research Laboratories for the Engineering Sciences (RLES) was established and assigned the 
administrative responsibility for such research within the School. 

The director of RLES-himself a faculty member and researcher-maintains fapiiliarity with the 
support requirements of the research lender way. He is aided^by an Academic Advisory Cori^mittee made up 
of a faculty representative from each academic department of the School. This Committed serves to inform 
RLES of the needs and perspectives of the (•■*5earch program. j 

/' . ' " 

In addition to administrative support, RLES is charged with providing certain technical assistance. 
Because it is not practical for each department to become self-sufficient in all phases of the supporting 
technology essential to present-day research, RLES makes services available through tl^e following support 
groups. Machine Shop, Instrumentation, Facilities Services, Publications (including phdtographic facilities), 
and Computer Terminal MaintenanQo,; ./it 
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A SOURCEBOOK FOR THE DESIGN 
OF A 

. . . REGIONAL ENVIRONMENTAL LEARNING SYSTEM • 
VOLUME VI: CONTENT-ORIENTED RESOURCES 

i 

PREFACE ' ■ f 

This is one of six Volumes of a report which, collect1v.ely, 
Is Intended to be a Sourcebook for the Design of a Regional 
Environmental Learning System. The report was prepared under 
Contract 300-700-4028 with the Office of Environmental Educatloq 

» 

This six-volume report p»*esumes some bapkground concerning 
the concept of a Regional Envlwnmental Learning System, and 
with environmental education as a whole. Cons'lderable relevant 
background was supplied In Volume 9 of the 4th Quarterly Report 
(A Descriptive Analysis of Environmental Education) and In 
the 5th Quarterly Re|iort (Conceptual Basis for the Design of 
Regional Environmental Learning Systems), both of which are 
available from the Office of Environmental Education. 

Volume 1 contains an Overview of the Sourcebook, with 
short summaries of^the other Volumes. 



A SOURCEBOOK FOR THE DESIGN 
OF A 

REGIONAL ENVIRONMENTAL LEARNING SYSTEM 
VOLUME 6; CONTENT-ORIENTED RESOURCES 

€XECUTIVE SUMMARY 

p^ls Volume 6 of the Sourcebook for the Design of a Regional 
Environmental Learning Systera^should be seen in the perspective of 
the larger 'program of ^he Office b.f Environmental Education. 
The contract under which this Volume was devel-oped was not 
intended to focus upon the development of content materials for 
environmental educatlsij). Other efforts sponsored by the Office 
of Environmental Education were targeted toward the development 
of content materials. 

What Is presented in this Volume should be viewed as a modest 
additional contributjon to the general thrust of ^development of 
content materials, along with a specific referSnce to a ma^jor' 
content-development activity (in Appendix B).' 

Early in our project, it was noted that there was considerable 
public dissatisfaction with the problems accompanying somie of the 
mathematics curricula^. These problems tended to emphasize particular 
foods that many believed were being promoted for child use by their 
Inclusion in the mathematics curricula. Dr. Robert Waller of the ^ 
University of Narthern Iowa feU that it ^ould be. appropriate to 
replace such problems-wlth problems that provided environmental 
education. Accordingly he was authorized to explore the possibility 
of developing a set of problems that could be used in t^e mathematics 
curriculum. Dr. Waller has a strong personal interest in wood- 
burning stoves, since, in^his Iowa situation he finds that wood-burnin 
stoves offer an alternative means of providing' heat in winter.^ 
The problems that Ke has developed focus on wood. There is both 
an advantage and a disadvantage here. The advantage is that many 
different environmental ideas can be treated, with minimum 
demands on particular environmental areas, and this lends itself 
to use in the mathematics curriculum. The disadvantage, from a 
broad environmental perspective is the narrowness of the subject. 



On balance, 1t Is felt^that the use of wood as a primary topic 
for the problems has considerably more advantages than disadvantages. 

Dr., Waller and his colleague have produced a set of problems, ^ 
centered around the Scott , Foresman and Company textbook series , 
and designed for eighth graders. By tying the problems to a rather 
widely used textbook, teachers will be able to take advantage of 
the sequence displayed therein to judge how to use the problems 
In any other text that they may be using. 

Most of the problems arfe quantitative. However a few are 
qualitative. Involving the logical structure of'issues. It Is . 
felt that students at eighth grade level are ready to begin to > 
work with qualitative, logical structuring of Issues. 

All of the foregoing appears In Chapter 1 of the report, 
which has Its own table of contents . 

In Chapter 2, the primary concern ts with how knowledge Is 
organized for learning and for retrieval. In this Chapter, 
attention is focused primarily on the proposed core theme of 
"human settlements". The science of human settlements, ekistics, : 
Is examined to see whether there is or can be formed a suitable ' 
typology for this subject, so that the organization and teaching 
of the subject can eventually become more organized. A typology 
is developed and presented in this Chapter. It is built largely 
around the Doxiadis ekistics grid. Also the organization and 
classification of articles appearing in selected Issues of the 
Journal of Environmental Education is discussed, from the perspective 
Of how this journal might be useful in developing content materials 
for environmental education. - 

In Appendix A' there is'a technical paper showing some principles 
of knowledge organization that were used in exploring the typology 
of human settlements. 

In Appendix B, there is a short description of a significant 
development of content materials. These materials, developed around, 
the concept of energy, are Intended to be used in both preservice and 
inservice teacher training. The Appendix gives a descriptioji of the 
several volumes that are available, and provides ordering and 
approximate co^t information. This material was developed by the 
Far West Laboratory for Educational R&D, with support from OEE. 
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SYNTHESIZING ENVIRONMENTAL EDUCATION ' . 
WITH MATHEMATICS EDUCATION 

■■ ■ "» 

■ Robert J, Waller ^ 
James M* WlJ^mesmeler 



The overriding purpose of "Development of an Interpretive Struc- 
tural Model and .Strategies for ImpSleinentation Based on a Descriptive 
and Prescriptive Analysis of Resources for Environmental Education/ 
Studies" is to improve the. quality of environmental education in Amer- 
ica. Those involved Iri this project recognize, correctly, that environ- 
mental education occurs in both formal settings (educational instltu- 
tlons)^^ii'd Informal settings (community seminars, local and regional^ - 
task forces, etc). This report focuses on the former environmental 
education in the public school system. 

More specifically, the purpose hfre is to provide at least 

partial anj^vers to the following questions: ^ v . ' ^ 

.How can environmental education gain entry into 
already overloaded public school systems? 

* 

1. How can people be helped to think clearly about 
complex environmental problems^ (this' dilemma 
is alscf- present in Informal settings.) 

The response to the first question thus far has been to attempt 

to* Integrate dt (environmental education) Into the natural science 

currlculSiij The second question, to the best of the authors' knowledge 

has not even been addressed* It is our contention that the problems 

posed by each of these questions may be solved simultaneously • The 

id«a we propose will be called "piggybacking." We discuss this Idea 



• V V ^ ■'. ^ . ^ - « ; ■' 

In the nhxt section of the report. 

■ ' " ■■ ■-. ■■ ■ '. '■ ■ - i • . . ■ 

* . * ' ■ . . " ■* * 

, . ■ ^ •* 

; . ^ \ PIGGYBACKING " > 

' ' * Certain subject matt^er8 such as mathematics » music, art, and 
' ' • - ♦ * 

English ~ are not restricted to any particular content or context. 

A. few simple examples, will mhke this clear. Basic mathematical Ideas . 

such as addltlpn, algebra\ and calculus are used ;ln the diverse fields 

of science, business,. and Engineering. Even though the content being 

bandied differs, the mathematics remains the same. Por example, an . ' 

' * ■ ■ ' ' ' , ' 

equation such as Y « 6X can be used to solve certain problems In each 
of these fields. The content and context xhange, but the basic mathe- 
matical structure does nqt. 5* , * ' 

Likewise, thousands of songs can be sung (to a C ^ F - - C chord 
progression. These songs can encompass love, or war, or the sea, or 
the 'land, or the rallroads> yet the underlying chord structure remains, 
the same. It should be obvious th^tx the visual arts and English also 



have properties 



1 



similar td mathematics and music. All of ttiese subjects 
are. In a setise, languages that can be used to "discuss" many contents 

In many contexts. Just as k metalsmlth's Skills can be used tp build 

• ■ ,^ ■ » . , - .■ ^ . ^ 

swdrds or plowshares. 

Thus, any of the subjects just mentioned could be used as the 
focus of thifl r epQi^± ^ We have cho 8 en mathematics since, as teachers 
of applliM mathematics. It Is tljie one with which we are most familiar. , 



I 



In^bflftf » then^ we bcdleve the following to be both trUe ^nd 

. ^ ^ .. ^. ..... . 

feaslt^^^e; Environmental coneqptB and ways of thinfclng about environ-* 

♦ 

mentar^robletna can be piggybacked on to the exlstljig public school 
ayatem mathematlca curriculum with Z€ito (or v6ry little) net gain * 

^Xtt^teacher york lojBds and pgr pupil cost t The remainder of t?hls 
reports will provide some philosophy and iy.ustratlons of how this 

^ might /be accomplished. Before we turn to these tasks, howeyer, ^ 
two caveats are In dirder, 1^ ^ ^ 

FAst, we are not pi^bllc schobl teachers of mathematics. Hence, 
we recogtUze o\ir conslderaple Ignorance of su<^H issue's as how m&thema 
tics may best be taught at the elementary' and sie^condary levels and 



leamef readiness for the various mathematical concepts* We have no ' 
desire to enter such arenas, and we will make every attempt not to do 



so* Se^nd,^ certain environmental Issues (e.g., energy) are polltl- 
cally explosive. SucH c^onslderatlons also are not our domain. We ^ 
trust that textbook publishers and authors know how to deal with these 
, sorta^bf problems. . 

^^^gp^ 

In short, our pixv^pj^^ia to demonstrate the feasibility of an ' 
, Idea . Development and Implementation must be left to professionals - 
In ptlmAry and secondary mathematics educiltlpn^ To attempt more would 

^ * ■ 

exceed both our competence and our funding. 

Our discussloo in tha remainder of this report will focjis on - 
Ipmathamatlcs. as It Is taught In grades ^8. < There ar^ two reasons for 

fhls restriction.. Fltst, we take It as axiomatic that students should 
< ■ . • 



b« txppaed to envlronioental Idaas early on. Second^ moat K«-8 
iaath«inatlc8 curricula ar« built around one of the several mathematics 

•c ' series produced by various publishers. An attempt Is made In each 

■ • " " ' " ■■ . 

\ ■ of these series to aAileve some reasonable level of conceptual Inte- 

* gratlon from klndfir gar ten through the eighth grade. In terms of 
^ environmental education, this setles approach provides a rich oppor- 

tunity for key environmental concepts to make repeated appearances 
year after year as the student moves through the K-8 sequence. Our 
■ ' focus on In this report Is not meant to Imply that environmental. 

w^^i^ education shouljl^ atop at eighth grade. In fact, we would argue that 
the Increased Intellectual maturity of the high school student should 
allow some rather sophisticated coverage of environmental Ideas. But, 
because all (or most) students In a given public school syst:em 
generally study the same texts, it Is the K-8 sequence where, the 
foundations of environmental education can best be laid. 



\ 
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CURRENT TRENDS IN MATHEMATICS EDUCATION • 

It Is convenient for our purposes to break down the totality of 

mathematical Ideas Into three somewhat overlapping categories! . 

1, Quantitative or Numerical Mathematics. Those' 
branches of mathematics dealing with space, 
numbers and numerical manipulation (computation). 
Examples: Addition, subtraction, multiplication, 
division, decimals, fractions, measurement, algebra, 
geometry, tr'lgondmetty , calculus. ' ^ 

V 2. The^.MathemStlcs of Uncertainty.^ Epcamples: statistics, 
prpbabllity. , * 

^ -4- . k 



3. Qu«llt:atlv« or Non-Nuiurlcal Mathematics. Those 
branches of mathematics dealing with situations 
where questions of space and numerical magnitude 
are either absent or Irrelevant, Examples: sorting 
and classifying objects » set theory In general » 
ordering, relations* ' 

Even a cursory examination of the various leading mathematics 

V ^ 

textbook series discloses that category one, numerical mathematlcst 

receives the dominant emphasis In the elementary and Intermediate 

y ■ . ■ •■ 

grades. Statistical concepts, such as measuring objects and using 
^graphs are sprinkled throughout the concepts taught In grades K-8, and 

probability makes an appearance In grades 7 or 8. Qualitative mathema-* 

■ fi 

tics Is Introduced as early as kindergarten, In the form of sorting 
and classifying, but overall receives little attention In grades. K**8. 
This current neglect of qualitative mathematics In the K-8 

curriculum apparently stems from two sources. First, the emphasis 

■ \ 

on computational skills Is symptomatic of the "back to basics** movement 
that presently sefems to per^de public, school systems In general. 
Second, and more specific to mathematics education, the ihuch'-publlclzed 
.failure of the "new math" has generated a strortg counter movement. . 
Since many of the key Ideas Ih qualitative tnathematlcs were closely 
associated with the n?w math enterprltfe (e.g., set theory) , the result 
of the backlash has been the virtual banishment of qualitative mathemat 

ics from public school currlculums, 

. * 
We find jLhe neglect of qualitative mathematics > and the relatively 

• . 

nmjifill amount of attention given to the^ mathematics of uncertainty In 




K-8 diatrftsalng. Botl^ of thaa«.ar««8 of matliasaatlcB are toaluable 
for daallng with problams involving complaxity and uncertainty — 
faaturaa that characterize most of our contemporary personal, social, 
•and environmental dilemmas. Moreover, the Environmental Education 
Act itself is quite specific in its Insistence that interrelationships 
among various envirorimental systems and subs^^tems be emphasized 
Hence, at the very time when abilities for dealing with complexity 
uncertainty are most needed among our citizenry, the public scho^ 
mathematics curriculums have moved in the oijROsite directio 

This complicated our work considerably. In factj we were 
confronted with the following dilemma. Should we siipply ijnore JS^rent 
trends in mathematics curricula and demonstrate the uaefuln^ea/ of all 
three previously-mentioned categories of mathematics for conveying 
environmental concepts, or should we attempt to live^iiithln the struc- 
tures Imposed by the current trends in mathematics/education? The- 

/ \ 

first approach, we felt, would be more interesting and useful, .the - 
second more practical in terms of gaining accy^tance of the idead 
espoused here* 

We decided upon the following appro^cA. We would write a problem 
set Involving environmental concepts uslhg only those mathematical 
ideas found in one of the current mathfl|(aatlcs textbook series. The 
purpose was to demonstrate that some ehvironmental educatioti could be 
piggybacked onto a mathematics curricJlum composed mostly of numerical 
mathematics. This approach has the aflvantage of not trying to create 
' ' ' ' / . -6- 
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^rtvolutlon In mathematics educ;ation at th« sama time wa are trying 
to demonstrate the feasibility of piggybacking. 

/ Beyond this, however, we also have developed a second shoirter^ 
problem set that makes use of some key Ideas In qualitative mathematics 
and the mathematics of lincertiinty . The purpose In dplng this Is to 
demonstrate that if one Is really Interested In conveying the essential 

nature of environmental complexity > something beyond straight numerical 

' . I- 

concepts are needed. i 



Problem S^t #1 

Backi^ound Information 

The notion of a person's environment Is a ri^h lode of topics that 
can be used to generate mathematics problem^. One\can select a spe-- 
cific river basin as a vehicle for writing a ser.iea\ of problems or 
simply use river basins in general. Similarly, foreyts, oceans, enfergy, 
and so forth can be treated at various levels of specificity. In addl-^ 
tion. If environmental education is construed as encompassing a person's 
80cio**economic environment , which we think is appropriate, the oppor- 
tunities for developing mathematical problems increase substantially. 

/ For our f irs^ffoblem set, we chose the ge^ier^l topic of energy. 
Out reasons for choosing energy were not complex.^ First of all, it is 
timely. Second, we felt this toplb would provide many opportunities 
for writing prpblems In numerical mathematics. ^ ^ 



Within this v«ry larga topic, of ener^, we focuacd on home heating. 
Specifically, we decided to deal yith one type of energy used in home . 
heating sytems; wood. The justiflcati,0n for this choice is discussed 
next. _ . ' ■ • 

#■ ■ ■ 

To some, wood as a, source qI hotne heating probably seems quaint, 

. T- , ,. , ■ 

If not downright barbarli:. As one of the authors of tifls report can 
testify, hoveyer. It Is a perf^ecjtly practical way o!^ supplying all or 
part of one*s heating ifeqiilrements « As Xate as 1860,^ wood accounted 
for % percent of the ^nergy consumed In the United states. But, the 
, relative aonvei(^l^ce of electricity, oil, ^nd natural gas has resulted 
In these forms of home heating^ being ^>ref erred to wood In the last 
centurj)^. This <^ however, Is'changlnge ^ , ^ . 

- . the rapidly escalating costs of fossil fuels^ii^^ caused a 
resurgence In the xxbb of wood as a source of home heatlhg. Some 
•stimates Indicate that .p0rhaps 2S percent of tHe homes In the North**, 
eastern United States now have a woodburning unit supplying all or pai^t 
of the home heating requirements. Moreover, the modern airtight high-* 
efficiency woodburning atoyes and furnaces bear li|:tle resemblance to 
the old pot bqllled stovep many people still assqclate with wood heat. 

Am a source of problems to Illustrate how environmental concepts 

' ■ / 

CJan be conveyed via , mathematics, the use of wood heat had many ad-- 
vantages for us. First;' it is a small enough, topic that we cbuld be 
rather thorough in our coverage of it, even given the relatively short 
time span we had to develop the j^oblem set. A second advantage is that 



Ch« Ideaa of trtes, woodburnlng stoves, chimneys, and so forth are 
fairly concrete. That is, students should be'able to grasp the ess^- 

l^features of a woodburnlng operation. The same cannot be said of 
topics such as OPEC and heat pumps. These latter toplcs^we emphasize, 
can^'be grasped by students. But, for an Introductory problem set, the 
notions surrounding wood heat are sqmewhat more straightforward/ ^ 

third ^d^antage is that It is easy to conceptualize an entlrie 
^a^les of transyfortQatlons beginning wlt^ trees in a forest and ending 
with the production of heat. All. j^eople who ^Burt^ wood seriously atje 
very aware of Ishis prpcess. Going out to the woodpile '^in the middle 
of a midwestern bliezard is Just not the same- as turning up the ' j 
thermostat. * 

Finally » if you really think about it , you can see that a rich 
assortment of topics can be spun off from th^ simple idea of heating * 
with wood/ These range all the way from woodlot management and forestry 

60 . watersheds y to wildlife management ^ to comparisons with other 

■ ' . 5. ^ 

forms of energy in terms of cost and efficiency » to the economics of 
family management. In this sense, wood heating is like almost any other 
topic in environmental educ£ttion: Qne starts with a small idea and a 
universe of systems and subsystems can be built f torn it* We are, it 
shoul^d be noted, not^ touting wood heat as t he Best method tor piggy^ 
backing environment concepts onto mathematics education. Weave simply 
saying that it seems to be a good one for our purposes here« ^ 

■ • ' • ' / 

The problem set that follows contains some ^00 problems. Each of 
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th«8« d«als directly with the Idea of heating with wood. The problems 
were. developed using Mathematics Arounct Ue . a textbook series authored 
cooperatively by 10 people and published by Scott, Poresman, and Com.<- 
panv (Copyright 1978, used by permission^ » We chose to use this sei^les 
•Imply because It Is quite typical of such series and because it is the 
text'used in Cedar Falls, Iowa , public schools^ which made It easily 
available to us. since that Is where we'resldev 

We elected to use the book designed for grade eight l^n the K--*8 
sequence. ^ Admittedly, this provided us with some nice latitude, since 
the student at this level. can be assumed to have some familiarity with 
a fairly broad range ot mathematical ideas. We would cohteyly however , 
that 80 percent of the problems we djBveloped are easily adaptable to 

V ' • . • ' \: 

lower grade levels with a minimum of reworking. . . 

' ' . , ' . ■ ' 

Our approach was simple. We went through the text, and at each 
place where problems were presented in a **theme'* context , we rewrote 
these problems in terms of heating with wood. Thus, for example , j'where 
the book used the theme of postal services to illustrate "Multiplying 
Whole Numt)ers'*» we used a problem involving computatign of a utility 
bllle . ' , 

The text is lavishly Illustrated ^ containing notes and pictures 
that provide the student with enough written and visual inforloation to 
put the ptoblems^ Into th^ theme context. A text incorporating wood 
h«At In a number of tlieme contexts would have pictures of stoves » in- 
Utallatlonst chainsaws»> fores ts, and so forth. Obviously » we dd not 
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pwiii^ these In our protlem set. But the reader should be aware that 

» 

we asaume they^ would be provided if our problems were to appear in text- 
book form. 



The Problems 



^fultiplying Whole Numbers ^ 



Pages 10-11 



1. Mr. Jones has Just received his bill for natural gas frotn the gas 



company. Last month he used $127,00 worth of gas. If he\i8es this 
much for five months, how much will he spend on gas for the rive 



months? 



Estimating, 



Pagtes 12-13 

1. / Tom's father owns 20 acres of timber. If each acre has about 150 

tree% on it, about how many trees does Tom's father own? 

2. About ten trees are destroyed by Insects each month. How many tree£( 
will be destroyed invlbne year? 

■ 

3. There are about 30 animals per acre in the forest. How many animals 
■ live in Tom's father's forest? 



'■ -11- 
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^ " Division, Careers 

Pages 18-:^ ■' r 

Page 22 Careers 

1. Jim's mother owns a sto*e where she sells equipment, for cutting 
fire wood. Last year she flold>32 axes In 12 months. How many axes 
did she sell per month on the average? ' ' 

2. Jim helpa his mother sharpen chain saws* A chain saw blade has 32 . 
teeth. It takes Jim 10 minutes to sharpen one blade. How many 

* c 

terith -does he sharpen each minute on the average? « 

3. If Jim can wait on a customer every 15 minutes, how many customers 
can Jim wait on in three hours? 

These are tht prices of some of the items sold in the .store: 

Axe $18 . 

Chain Saw j $200 , 

Gas Can $, 2 ^ 

Splitting Maul $ 20 . 

Safety Helmet $j 27 ^ 

4. If a customer wants to buy an axe and a splitting 'maul, how much 
should Jim charge the customer? 

5. If another customer wants to buy a chain saw, a gas can, and a 
safety helmet, how much should Jim charge the customer? 

6. For the chain saws to run properly, 32 ounces of gas must be mixed 
witl^ dne punce of oil; If a gallon of gas weighs 128 ounces, how 
many ounces of oil must be mixed with the ga^-on of gas? 



Writing Addition and Subtraction Expressions 

Pages 2$-r27 

Write a mathtitinatlcal expression for each description. 

1. The price of a professional chain saw that costs n dollars more than 
a $100 regular chain saw. ' ■ 

2. The weight of a rjegular chain saw If It weighs six pounds less than 
a professional chain saw weighing g pounds. 

3. The sale price of a professional ghaln saw If the regular price of 

<«■ ■ ; 0 ■ ' • 

7 * /' ■ ' • * ' ' 

$312 has been reduced by d dollars* 
A* The total length of a chain saw If the motor and handle measure 16 
Inches and the bar measures n Inches. 

0 ■ . . » 

Solving Addition aqd Subtraction Equations 
/Images 28-29 ^ ^ 

Jlm*8 mother also sells wood burning stoves In her store. 
1. One of the large stoves she sells is 14 Inch^i^ wider than d smaller 
stove. If the large stove Is 37 inches wide, how wi^ is the small 
stove? . 

^. The weight of a small stove is 128 pounds less than the weight of a 
large stov«^ The small stove weighs 135 pounds. How much does the 
large stove weigh? , 



Ufllng Addition and Subtraction Equations to Solve Problems 

♦ 

Pages 30-31 ' * 
Part of the heat In Sue*8 house comes from a wood-burning stove. It Is 
Sua's Job to help tend the stove. :!^^^ ; 

1. Before the stove was Installed, It took 7000 kilowatt hours per 
month to heat Sue*s house.- Now It takes 1700 kilowatt hours per 
months How many hours per month does the stove save. 

2. Sue went to the woodbox In the basement and brought 11 pieces of 
wood upstairs for the stove. There are 74 pieces left In the wood- 
box. Hotir many pieces were In the woodbox 1)ef ore Sue took out the 
11 pieces? 

3. The stove In Siie's house takes pieces of wobd up to 24 lnches>lQ 
length. One piece In the woodbox Is. 31 Inches long. How many Inches 
must be cut off befpre the piece of wood-will fit In the stove? 

4* When the stove Is full of wood » It weighs 315 pounds. It holds ahout 
45 pounds of wood. How much does the stove' weigh empty? - 

• * Caireers ' ■ 
Page«9 32-33 / ^ ' 

le 'A wood supplier sells Wood to people who have woodburnlng .stoves. 
The table 8>hows his sales last winter. The price per pick-up load 
varies based on tl^e month of the year* Complete the table. 



Month 

October 

November 

December 

January , 

Pebruary 

March 



Number of 
Pick-up loads 

30 

3S 

A7 

54 

43 

24 



Price per 
Pick-up load 

$35 

$40 

$45 

$48 

$45 

$30 

Total sales for the Winter 



Total 
Sales 



For every load\of fire wood delivered. It. costs the supplier $1.15 
In gas and oil for his truck. How much did he spend delivering 

February s wood? 

■ . 

The supplier sometimes ^hlres a Junior high school student to help 
him. He pays the student $2.80 for each load Jie helps deliver .v If 
the student helped deliver 15 loads In March, how .much did he edm? 

If It takes the supplier an average of 40 minutes to deliver a load 

■ - . ' . ^ ■ 

of wood, how many loads can be delivered In an eight-hour day? 
Find the total cost of equipment for the fire wood supplier (aside 
from his truck) . 



Nuinb«r 
of If 

X 

2, . ' 

3 

2 

1 
3 
1 

'2 
1 




Total 
Cost J. 



Chain Saw 
Splitting MAuls . 
Spilttlng Wedges 
Gas cans 
Saiety Helmet 
Sharpening files 
Sharpening Gul 
Axes 

Hydraulic Splitter 




Tot^ Cost of Equipment 




Writing Multiplication and Division Eaq>resslons ), 

Pages 34-35 -■ 'V^, , ; ' . ■" - " 

Write a mathtematlcal expression for each description. ' • 

1. The height of - a full-grown Oak tree If it is three times as tall as 

■ ■ / ! ' •■ ' ' " • • ■ 

a j)artially-grown tree that is n feet ta.ll» 

• • •» . , 

2. The dlameteir of a full-grown Oak tree if it, grows one inch In dia- 

meter for each of the 35 years IJC grows. * ^ . 

. >^ ' - . . . , 

3. The number of. trees cut for fire wood each year if n trees ^re cut 

from each acre of a X2 acre parcel of tlmh^er. • ^ , 



r 

Solving Multiplication and blvlalon Equatlonj^ ^ » 
Pagaa. 31^7 ' i • • . ' 

1. Bob. wants to be sure he replaces the wood ha bums in -hia stove. 
,He\as 15 acres of land ai^d 75 young trees to uiant. How i«any trees 

' will each- acre get if Bob wants to make sure each acre gets ,the 

same number? , , , ' * 

2. Bob BptlnUes tl,e ^as^es left fro^ burning .Ms ^od on his garden, 
since the ash,s make good fertUi^r. He has J:^o(ihd^ of ashes and 
hli' garden has 8 rowaVnow ™ny Pounds per rl^hould;.he use If each 
row is to receive the aame amount? * - ' / ' 



Using Mult^plfcation and Division Equat^^ons to^ Solve Problems 

'« . ■■ ■ . • ■ 

Pages 38-39 • ' ° ^ / . . ' 

1. How long does it take tb' bum lAO pounds of wood if it burns at a 
rate of 5 pounds per hodr in -a certain wood stoVe? , f 

2. If an acre of ground- contains' 75 pick-up loads* q| wood, how many^ 
yearss^ill the wood last if 15 pick-up loads a year are tak^n ^ 

out of 'the acre? . . ♦ ) 

3. If a man with a chain saw can cut f our V'^k-up loads of wood. per 
day. how many pick-up loads can he cut^ in 135 days? 

a; If an acre of woods can shelter .45 anlmala/ how many acres would; 

♦ ■■ r . . . - 

it take to. shelter 405 animals? * ' . 

5. Ho'w much gas .is used by a chain saw in an eight-hour day if it takes 

,■ '« " ■ ■' " 

two h6urs to use. a gallon of gas? . ^ 

. ...» -17- V 



Equations Involving Multlpllc/titlon'and Addition ^ ' . 

PagM" A2-43' . . ' ' s ■'. . 

1. Ilachiiftl is plantln:jg yo'Ju^K walnut trees on some land she owns. She 
has planted 150 trees in three hours. At this rate, how many hours< 
will it take her to plant 1000 trees? / 

2. The 150 trees Rachael has planted cost her Ac per tree. How many 
more trees will shi? have to plant to reach $20 worth of . planted 

V trees? " ' ' 

. Equations Involving Multiplication and Subtraction 

^ >. <* " • ■' • ^. • 

Pages 44-45 

1. Tod4 helps his neighbor cut wood on Saturdays.^ He is ptld $2*00 per 
houij. In order to get tMs Job, Todd had to buy a safety helmet, 
^^loves, and steel-toed' shoes. These three items cost him $66". How 
many hours must Todd work to make a profit of $30, <. 

2<^ If Todd earned $2.50" per hour, how long would he have to work to 
make a profit *f $30. 

f 

Adding and Subtracting Integers 

Pages 50-5A" 

1. Tom is helping a friend install a wood stove*.^ Wh^n they stopped^ 
work on Monday night, the chimney flue was two feet below the roof. 
The next day they ad^ed six feet more of flue. How far above. the 
roof is the top of the flue. 

-18- 



2. Th« ttmperatura outside waa 12 degraea below ?ero at; 7:00 a.m. It 
had risen 16 degreea by noon. What. was the temperature at noon? " 

3. When the woodbumlng stove was finally Installed and operating, the 
tempexature In the room rose from 55' to .78'. What was the rise in 
temperature? 

Cpmparlng and Ordering Decimals 

^ . ' ' ' ' ■ 

Pages 7A-75 i * 
l.# Here ar/some times showing the length of time In hours .fouy wood- 
burning stoves kept going on a' full load of wood. 

V A 14.68 hours ' 

Stove B 13.52 hours 

Stove C ; 14.89 hourtf 

Stove D ,14.48 hquts 

List the stoveb .and. their burning times In order starting with the 
lovectte 

2e Different types of ,,woodburning. stoves begin to give off heat faster 

* 

than others once ttiey have been started. Here are fl^e stoves and^ 
- ' ' ' ■■ ' t,. ■ 

the time It takes for each of them to start giving off heat. 

Stove A « 2:14.08 

♦ ^ ' ' Stove * 3:02.16 

• , St9ve C '2:12.14 < 

Stove C 2:16.19 

Stove D • 2:48.22 
-19-. ' 



U»t th« stoves an<r th«lr times In ordsr. Begin with the lowest. 
3. Electricity Is priced on the basis of cents per kilowatt hour. 
^ Here are the prices of electricity In three cities* 

City A $ .0430 

City B $ .0436 ) 

\v City C $ .0429 

List these ^^les In order. Start with the highest-priced city. 
.4. Round the prices given ^In problem 3 to the nearest cent. 

4 

/ ■ „ ■ • 

Scl^tlflc Notation: Large Numbers 

f I • ♦ 

Pages 80-81 - 

Authors' note: The "theme" used here by the text Is power generation 
by a power company. The problems given would fit nicely Into our 
scheme and, hence, no new problems are presented here, 

e * 

Adding and Subtracting Decimals 
P^ges 86-87 , ' 

As was true with the scientific notation, the problems presented here 
center around a theme (snowfall) that fits nicely with our scheme. 
Hence, no new problems are presented here. 

Using Equations To Solve Problems 

Pages 88-89 

1. John's woodburnlng stove will take logs up to 60.96 centimeters In 
[ ♦ -20- 




l'«ngth^ . One log in John's voodp He is 71,. 35 centimeters long. 
How many centimeters must John QUt off of this log In'order for It 
to ti% his stove? 

2. One tree In John's woodlot Is 15.2 meters high. The distance from 
the ground to the first limb Is 5.8 meterja. How far Is It from the 

4 

first 3.1mb to the top of the tree? v 

3. One of the trees In John's woodlot Is 13.3. meters high. Last year 
it WAS .12 .82 meters high. How much did. the tree grow in one year? 

4* John cut down a tree and sold it £or firewood. He. received $32 
"for it. He used $1.78 worth of gas arid oil in cutting the treei. 
What was John's profit? 

. - -ai ' ■ ■ 

• * i» . ' * 

. Estimating Sums , ' ^ ' 

Pages 90-91 5I 

Tracy has bougl)t some Items at the local shop selling equ^jlpment ' f or _ 
woodcutting. ' While shfe waits for the salesperson to find the actual 
coat, she estimates the cost herself. Uialng rounding, estimate the 
cost of Tfacy's purchases. 

Actual Cost Estimated Cost 

3.41 

6.12' ». 



Actual Estimated 
Tot4l ■ Total 

"•21- 
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• ^ Utlng Multiplication 
Pag« 93 ' 1^ »■ * ■ ' 

1* A aecjLlon of stovepipe Is Inches long. Hoy many .inches of stove- 

* ■ ■ * • . . 

pl|f^ «re needed If a partlaular Installation requites 12 sections? 
2. ' In problem 1, what will the total cost of stovepipe be if each sec- 
tion costs $7.80t 



I* 

• 



Dividing a Decimal by a Whple Number 



Page 96 



1., Five 30 Inch lengths 'of Insulated flueplpe cost a total of $162.50. 

. ^ , . .. , 

^ Flpd th6 cost per Inch. 

*i * 

2t 128 ounces of oil for aT chain saw bar cost $2 •29. Find the cost 
per ounce. 

3. 6 gallons of gas purchased to fu^l a chiiinsaw cost $5.60. Find the 
cost p6r<>gallon. 



Dividing Decimals by Decimals 

1. A stack of tree leaves has 945 leaves in it. The stack is 4.8 cen-^^ 

/. , 

timeters thick. Find the thickness of one leaf* 

2. The gas tank on ascertain chainsaw holds 20.58 fluid ounces of a 

gas-oil mixture. A can contains 132.68 ounces of this mixture., 

» 

How many times can the tafik be filled^ using the contents of^lie 
can? . ' 
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Rotinding Quotients ^ ^ 

1. Andyrlpald $117 fot three pickup loads of vood« Find the price per 

\ • ., , * ■ ■ ■ . . 

pickup load^ Round to the nearest dollar, 

2. ' A "faC0 cord" of wood is a stack of wood four feet high> two feet/ 

wld^^ i^d eight feet lon^. Dave paid $137 for three face cords. 
Find th0 price per face cord* Round to the nearest dollar. 

3. Last winter, John used 26>321 total kilowatt hours of electricity to 
heat his house during the months of November, December, January, 
February, and March. Flhd the average use per month. Round to the 
nearest kilowatt hour. 

V ■ _ 

, ■ . . f . 

Formulas Involving Decimals 

Pages 100-101 

" - M 

1. 5000 kilowatt hours^of electricity cost $234.45 in a midwestern 

city last year. Find. the cost per kilowatt hour. Roundt to the 

nearest cent. - ' . . 

Metric Unit! of Length 

> - ■ • - ■ ■ i ■ . - ' . 

Pages 108-109 ' , \ 

1, <A face. cord of wofod is 2.432 meters long. Express this in centi- 

r 

meters ♦ 

2. The diameter of a Tiar^icular piece of stovepipe Is 15 •2A centimeters. 
Exptesd this in decimeters « / . ^ 



M*trlc Units of Area 

f«g«s JlO-lll 

I.. The top surface of a , particular wood stove Is 55.88 centimeters 
wide and 88. 9, centimeters long.. What Is the area In' centimeters of 

• ♦ 

thl9 surface? 

2. A second stove Is 5588 millimeters wl4e and 8890 mllllmertrs Ipng. 
Find the area of the top surface of this stove. Give your answer 
In square centimeters. 



Metric Units of Volume 
Pages 1J2-113 , 

l._ A cord^of-wood Is i stack 1.216 meters high, 1.216 meters wide, and 
^2.432 meters long. What Is the volume of a cord of wood? Qlve your 
answer In millimeters. ^ ^ 

'2. .A face cord of wood is a stack 1.216 meters high, *608 meters wide, 
and 2.432 meters l«nig. ^ What 1« lie volume of a face cord of^wood. 
Express your answer In millimeters. 
3. A certain v^oodstove Is ^ decimeters ^i^fe, 3.75 , decimeters wide, and 
6.75 decimeters high. What Is the volume of this stove? Give your 
answer In mllxlmeters. 

■ ■ " ■ » * ■ 

^ Liter and Milliliter 

Page 114 "^^^^V * 

I. A gallon of gas Is 3.785 liters. How many milliliters is this? 



MfttrlQ- Units of Maas ' 

1# A certain woods tove weighs 148, 7 kllpgrame. How many grains does 

It weigh? — ^ V ^ 

• ' *■ • • ' . . 

f-» ' ■ ' , , * 

Relationship Among the Metric Units ♦ 

Page 116 

1. When he Is worMng In hlf woodlot, Frank carries 3.784 liters of 
gas-oll mixture with him. WBat la the weight of this mixture In 
kilograms? 

« . . * ■ . ■ c 

/ . 

. J" Careers (Chlmi^iey Sweep) 

Tage il8 \ 

1, If a chimney Is 5 .IBB meters long, how many centimeters of r^e 
doea 9 sweep need to reach thg entire length of the chimney? 

2, Lana^s chimney sweeping service keeps her husy-VvShe services 
a county that I9 16 ,09 kilometers long and 12,87\ki*^etersr wide. 



What Is the area of the county she>^ seirvlces? 




3. Some of the tile chimneys Lana cleiins are rectat 
particular chimney Is 30.48 centimeters vide on one side, Is^ 
25e4 centimeters wide on the other, and Is 487.6 centimeters Icmg 
from top to bottom, what Is the volume of this chimney? 

4. Sometimes Lana uses a powerful vacuuih sweeper to help clean a 
chimney. Her cleaner moves 'air at the rate of 25485,3 cubic^ 

-25- 



dtclAetera pjer minute. How many cubic centimeters la this? 

B((ual Fractions ^ . 
Page 132 

1, A certain piece of tinder measures 10/16 Inches In diameter. 
® Reduce 10/16 to Its lowest terms. \ ^ ^' 

^ ^' . ' 

4 ' . ' • f 

: . ■ \ ' 

\ * ' ■ 

Mixed Numbers 

<. ' « 

Page 135 ' . 

Note: This section Is described conceptually^ here, rather than in 

o » *\ . 

' terms of - specif Ic problems. 
Using the ruler pictured below, give the length of each object In Inches. 
Use mixed numbers. The "objects" pictured here would be all of the ^ 
different screws, bolts, and nails needed for a stove and chimney 
installation. 

< Multiplying Fractions 

Pages 140-141 f ■ ^ * 

A. Mr. Wilson recently purchased some land. He planted 2/3 of it 
in trees. He planted 3/4 of the planted land in White Oak trees., 
wkat fraction of the whole piece of land did he plant in White 

/Oak trees? ^ 

B. Debby's garden covers 1/3 of an acre. She sprinkled yood ashes 



.. from h«r stove as a fertilizer on 1/2 of her garden. What' • \^ 
fraction of an acre did she sprinkle wood ash <>n? 

I* . * • • * 

Multiplying Fractions and Whole Numbers 
Pages 142-143 ^ . 

1. Mrs. Williams owns a 160 acre farm. She has decided to leave 1/8 
of this, In timber as a source of wood for her wood burning stove* 
How many acres did she l^ave In timber? 

2. John lives on a 15 acre "mini farm." Ten acres of this |arm are ; 
timber. Of the 10 acres, 1/3 is planted in Black Walnift trees, 
an extremely valuable wood for furniture bulldlngf. .John decides 
to save the Walnut for sale to lumber mills How many acres Is 
John saving for sale to the mills? ' 

^ % • ♦ \ 

Multiplying Mixed Numbers 
Pages 144-145 : ' 

1. Phillip has drawn a scale model of his proposed stove Installation. 
On the drawing, his chimney Is shown as 6 1/2 Inches long. .Actually, 
his chimney Is 24 times as long. How long Is his chimney? ' 

Dividing by Fractions 

■■ . *" 
Pages 146-1A7 / ^ 

1. Mr. Wilson. has a stack of extra nuts Aq spare parts for his chain 

saw. The 9 tack is 6 inches high* Each nut is 1/^ inch thick. How 



^ rnany^ nuts doea hB have? # ' ^ 
2« Hov maAy huts would Mr, Wilson have if the nuts were 1/3 of an 
inch thick.? 

Dividing By Hixed Numbers 

Ba^e 148 

1# Tim sella and installs wood burning stoves. He finds he can 
install 1 1/2 stoves per day. > How many Installations can he do 
In 10 1/3 days? 

2. Mary helps her family by sharpening the chalh saw used to, cut 

their fire\woad. She can sharpen 1 ,A/5 teetBL ev^ry minute » How 

\ ■ <» 

many teeth o^ti she sharpen in 8 1/3 minutes^? 

' ^ Using^Ec^atlotis Ihvolving Functions 

Pages 150-151 

!• Terry weighs 4 3Q poui^s. He can cari^ 1/3 of his weight In wood 
on a single trip in from\the wood pile. How many pounds can he 
carry in a jingle trip? 
2i Mary can carry 1/3 of her welglh|: In wood on a single trip in from 
the wood pile. She carries 35 poiHids per trip. How much, does 
Mary weigh? 

3. The amount of increase of hardwood in U.\S. forest per year is , 

^ ' \ / . 

about 10 billion cubic feet of wood. If ha\dwopds account f:or 

2/3 of the entire increase each year» how many\total cubic 

. f ■ . '-28- 
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ftttt are U. S. forests Increiasing each year? 



Uslftg Forsoulas Involving ^Fractions ' ^ 

Pages 152-153 ' 

1. A certain wood stove has a top surface area of 480 square 

■ ■ * 

inches. The top surface is rectangle \^h a length of 30 

^> * ^ 

inches. How vide is the top surface? 

2. The Johnsons are thinking about ]Kow tt) install their new wood 
burning stove. They live in an A-frame type of home. The 

area of a triangular end wall of their house is 22 1/2 square 

♦ 

yards. ^The base of "thU triangle Is 7 1/2. yards long. How , high 
Is the wall? . 

3. Alberta paid $120 for 3 1/2 50 Inch sections of Insulated chimney 

■ • * 

• >* . I' 

flue. What is the price per 30 inch section? 
k. The protective metal floor pad under Ellen's wood stove cost her 
$50. The pacf'is 6 1/2 feet square. What wlA the price per square 
foot? 

Adding Mixed Numbers ' 
Pages 160-1^1 . ^\ . 

I4 The legs on a wood burning stove are 6 3/8 inches high* The 
^ body of the stove is 38 1/8 inches high. What is the total 
height of the stove? % 
2« Sally has 8 1/2 inches of ashes Un the bottom of the bucket she 
' jl^uses to carry her wood ashes froiti her stove to her garden. ' 
O..- -29- 
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Sh« h«a room for anoth«r 6 1/3 Inches of ashes. How| 

■ ' ■■ ■ ■ • ■ ■ 

Mny liichesMgh Is her. bucket?. 



"3. Fijon the top of his stoVe to where his Insulated flue begins, 
Don has Installed 3 l*/2 feet sheet metal stove pipe. Th^ ' 
Insulated flue l^ttached to the top of the stove pi,pe uttd 
runs 7 4/5 feet through the ceilllng to a point two feet 'above 
the roof. What is the total length of hiia chimney Including ' 



th* ttbve pipe and insulated flue? 



■7.V 



■ v., ■■■a 



' "Subtxacting fcLxed Numbers ^ ' 

Pages 162-163 ■ ■'■ . ■•..v . ' ' / ':. . " ■ 

■ ' • • ■' . * . ■ • . ■ . ■■ ■ . . .. ■ ■ ■ •. ■ 

•■; . J - ■■■ ' r -V ■■. ■ ■ ■■■■■ 

At tfte time when it was settled In the mld-lSCJO*^, low^ hadv 
' 7-1idLllloA acres of .woodlahcls; By 1954, ' 2 1/2 tolioji pcf ea 
of this had been converted to Corn and spybeans, How many 
wooded acres remaln<^ed. in low^ in 1954? ' . . ' ' : 1 



|2>> By 1975^ 1 1/2 mllllon-acxSfts in lowa'remaln^^ 

*^Hovjp.;aany acxea of noodB were reinoved between 1954 aii4 i97ilf ' 



• Ecjuatlon^*' Involving Fractions 
"Pi|ge« 164-165 \y: ■ ■y l ■:■ . -^^V , V ■ ;• VV. ;;;n^" 

1.' Hertha? s wood stQjfB is 38 1/4 Inches high* IS 240 -l/'S lilches - ; ^ 



f fom her flop if to a point two'f set '4bov^ ^r^'roofv:^^^^ to 
liKches -of .chimniy ''does she.need? ^ > /fr -r 
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• 3; 



/ ■ ■ • ■ ■ ■ ■• • ^' ' , ■'■„ 

2. I£ Marthl. In problem 1, places her wood stove on a fyd 1 1/8 
Inches hlglf, "hbw many inched oi chimney does ' she heed now? 
Ttie temperatute in Pl^lllp*s house .was 50 -^/10 degtees one 
winter morning ^^The sfin and hia wood burning stove Increased 
tlie temperature in his "hpuae to 67 9/10 by noon. How much 

\ die t'ne temperature \jp5:i(^fla^e? -. /> " « 

. • ■ • • /v:, ■ . v.- 

. Locating JPolnts for Ota^il;^d;palrs.an^ Reading • 

tagea 168-171 r 

*^ 1, Use 'the graph below. How many BTU's are gener^tjed by a stove: 

■ • ■ ' i * ■ . 

surface temperature of 600*? Write the ordered pair. 

* ' ' ' - ■" 

2.- How many BTlJ's are ^en&rated(^ a "stove surface temperature of 

^ •• V . ■' :• ' ■ • . ■■ 'i 

' t 150"? Write the ordered pair. ' 



23100 
15100 
9370 
5430 
2d50 
1230' • 
315 
,168 
«1 
15 



J Total Energy Transferred 
(BTO'a Per Hours Per Square Foot) 

V 

■ . / 




80* 100" 150" 200" 400* 600" 800' 1000'- 1200* 
Temperature of Surface (*F) 



1400' 



3. Th« graph b«low shows the relationship between the approximate 

■ . V, ■ ■ • 

' Dumber of BtU*8 produced by ohe cord of wood and the type of wood^ 
Type of Wood 



Apple 



Rocii^ElQ 



White Oak 



American Eeech 



Yellow Birch 



white Ash. 



Black Walnut 




19 19,5 20 20.5 21 21.5 22 22.5 23 23.5 24 

■ < 

- ' BTU's per cord 



I 



How nany BTU's does a cord df Apple produce? Write this as an 
ordered ]^alr« ) * ' 

% 

2. How many BUT's does a cord of Yellow Birth produce? Write title as 
an ordered pair. ' 



Making Line Graphs for Equations 
le The amount of wood supplied by a firewood supplier is related to its 



price p>r cord. Use the formula to complete the table. 



Cords Supplied 

s 



Pr4.ce Per Cord 

i 

2 P 



• 

p 


1 


S 


'$ 0 




0 


50 




100 


60 






70 






80 






90 






100 
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2, Maktt a graph on a grid. Locate points for prderad pairs obtained 

• if • < 

from your table and connect the points. ' 



Price 



Cords Supplied 



Writing Equations for Tables and Graphs i 

Pages 176-177 

1. The grapti shows the relationship between kilowatt hours of electric- 

ity used and one person's mpnthly electric bill. Write the ordered 

■ ' \ 

pairs for four points on the graph. 

Which equations' fits the data? • ' 

- k + A b - 6k /' b - Ak 



4 
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Hundreds of Kilowatt Hours (k) 



Reading Curved Graphs 

Pages 184-185 

' Tlie graph btlow dhows the relationship between, the total "bum'* time 

♦ . . . 

a Woo^burning stove and the surface temperature of the stove. 
1. What was the temperature of the stQV* after seven hours? 
Z. When was the ^ temperature highest? 



• If It takes a 8tov« tamperature of at least 150* to keep you warm 
on a certain day, how many hours will you be warm? * 



Stove Temperature 



275' 



. 25t)' 



' 225* 



200' 



175^ 



150' 



125' 



100' 




1 2 3 A 



5 6 J 8 9 10 11 12 
Hours 



' Ar«as of Rac tangles ai^ Parallalograma ^ ' , 

Paga 218 ■ * , / ■ \ . ' .^^^ 

1. Frank has Installed a sheet o if quarter- Inch asbestos \nlllboard to 
. protect the wall behind his wlood stove. The sheet of Wllboard is 
55 inches by 48 inches. What is its area? - 
^, The area of the rectangular top of Frank's wood stove is 558 souare 



inches. If^the width is 18 inches, what is the length? 



iC's wood stove is 558 sauar< 
is the length?' f\ 



3. Don is going to plant trees on a rectangular plot that is 220jyards 

' ' ■ V. ■ 

long and 180 yards wide; /How niany trees can he plant if he allows 9 

' square yards per tree? \ * 

• • ' . ' ■ ' 

4, Bob tiought a rectangular jpiece of plastic to cover his wood pile. 
The piece is fifteen, feet long and twelve feet wide. Bob paid 4C 
per square foot. What was ^hte cost of the piece of plastic? ^ 

V ■ • 4 . ■ 

Areas' of Trapezoid^ and Triangles 

Pa«e 221 

le Tom has placed a piece of quart^P-lnch asbestos millboard under his 
,^8tove to protect the flopr. The piece is the^ shape of a trapezoid. 
The bases are about 5 feet and 7 feet long. They are about 4 feet 

• y' * 

V • ' • * 

; * ■ ■ 

apart. What Is the approxiniate area of th^ millboard? | 
2. Sandy has decided to place her woodsto^e in a corner of her^ living; 
^ room. She muet.buy a tri£^gular piece of asbestos millboard to pxo^ 
tect the floor. The base Is 8 ieet and the height is A feet. What 
^ is the cost if the piece of millboard is $1.25 per' squar^^ fo'et? 

, (;■■ ■ ■'/■■■■^ ■■-38-,. ' 



V 



Surfaae Area of Polyhedrons 
Page '222 \ 

1. Sarah wants to paint her stove;^ To determine how much paint ^to buy 
•he needs to estimate the total surface area of the stove. Her 
stove Is roughly the shape^ of a rectangular prism measuring 30 
Inches by 24 Inches by 36 Inches. What Is the total surface area pf 
the stove In square feet? 

^ Cli^cumference of a Circle 
/>age 227 ,/ ^ • 

1. Wayne plans ta make a sA of passive heat exchangers that attach to 
the stove pl^« He needs to know the circumference of the pipe. 
^ What Is the circumference of a stove pipe that Is 6 Inches In dla«- 
meter? What Is the circumference of a pipe that Is 8 Inches In 
diameter? , ^ 
2« Susan wants to extend ,the height of her stove plpfe. Sh€^ needs to 
. know the diameter of the plpe« She does not want to x:llmb up on 
the roof to measure the diameter. Instead she measures the clrcim- 
ference of the pipe Inside the hoiise* The pipe j!s just, under 16 „ 
Inches In circumference* What Is th^ diameter to the nearest Inch? 




ArM of a Circle \. ' , 

■ • ■ ' ■ 

Th« maximum Input capacity of a chimney depends on the area of the flue. 
What Is the cross sectional area of a flue that hda a radius of 3 
Inches? 

Volume of a Cylinder . ' 

, • * 

fage 230 ,1 

f ♦ " 

1. What Is the volume of a stove pipe 15 feet long havi^ng a radius of • 
three inches? - . 

2. Depending on where he places his wood stove, Steve will either use a 
15 foot section of 6 Inch diameter stove pipe or 12 foot section of 
8 Inch diameter pipe. Which stove pipe has the greater volume? 

3. George Is cutting up a tree trunk for firewood. The log Is cyllnd 
cal In shape. It Is 12 feet long and 16 Inches In diameter, 
many cubic feet of firewood are contained In the log? 

Surf ace ' Areas of Cylinders - 

t 

Page 232 * 

^arah wants to paint her stove pipe. To determine Tiow much palnf to buy 

■he must know the surface area of the plpft. The pipe is 4 Inches In 

/ ■ 

diameter and 22 feet lon^j^w What Is the surface area of the pipe In* 
square feet? 
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ing the Rlght-Trlanglft Halation 4 
Pigtt 2A7 . ! ■ 

1^ yind the leijigth of the straight section of the stove pipe. 




'^2» A wood stove chimney should be at least 2 feet higher than the^^ 

highest point of the roof within 10 feet. Find the i|inlmum height 
of the chimney. 

7? 




Bob It liMi tailing a wtood stove In an A-frana hpuaa. 

stove pipe from the stove to the celllQgt 
f 



How long la the 



24 < 



12' 



5U , 



IX Steve la placed 2 feet closer to ^t|i6 wall^ how long la the 
•tove ^pe? 

• \ ■ " : . ■ 



• 



-A2- 
{ 



5^ 



5. T«d U going to build a crpasbuck for aawlng log^. How long are 
the Itgi? 



\ 




30" i 

■ ■./ 

f ■ 

f ■ .•- . . 
Using Proportions * 

Page 262 • 

1. Don counted dead Elm trees on a 1/2 acre section of his wcqds. 
Re has 12^5 acres of woods/ About how many dead Elm trees are In 
his woods? 

2. Don can cut 1/2 of a cord of wood in 2 hours. At this rate how 
wmh wood can he cut li;i 5 hours? 

3» Don can run his chain saw AO minutes on a full tank of gas. The 

' ■ I. ^ ' 

tank on his chain saw holds 3/4 quart of gas. How long can he run 

. . (' • ' , 

chain saw if he has* 6 quarts of gas on hand? 



■0. 

V 



.A. Don iHicna about 12 lbs* of wood In hla atov« every 2 1/2 houra.^ 

Bow long will 486 lbs. of wood last him? ♦ , V. 
"9«g« 268 . ■ \ ■ : "\- ' 
Dttttrnlne the ratio of length tb height for the models of woqd stoves 



listed below. 


• 






Model 


Length 

(Inches) 

,/- - , 


V Height j 
(Inches) ^ 




• ^ Ashley 


30 


' ■-. . 
34 




Fisher « 
Jotul' 


21 1/4 


30 1/2 , 




Ulnnwood 




28 




Vennont , 




^ 32 


• 


I- 


34r^ 

.V 






• 


V 




♦ 

-* 

• ( 

A 




4 

m - ■ > 


tr 


i 

\ ■ 


> 








* 


<• 
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X 



\- 




. . . ^ '^ 



• 



ERIC 



1 



'•V - 



similar Triangles 



P«ijaw270 



1. Bob iietda to estimate the height of the tree he Is cutting ^down to 
«M If, It wllr cleay nearty power lines. What'ls the appro!itlinate 



height of the treet' 




2.5' 
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4 4 



2* G«iorg« la- constructing a crossbuck. Tha and places ara mada from 
''boarda .48 irichas long. How ijarga a. log (dlamat^r) wlll^hla t 



croaabiick hold? 



\ 




32!' 



Percents and Enactions ^ 



Pagtt 283 • • 

1. "A cord of- Oak contains about 30.8 mlll^ion BTU*8'. A wooXi^tove gives 
o££ about 15 iillion BTU ' s^ per- cord of Oak. What percentage of th« 
; ^haat value of w(])pd, is utilized? 



100 



15 
30.8 



/ 



a/ A gallon of fu«l oil contains about 140^000 BTU's. Tha haatlng 
•£f«ct from one gallon of fuel oil bumad In a f4ma.ce la 91,000 
* BTU'a. vmat percentage of the heat value of ^uel oil la utlllzedl? 

jc_ - 91.000 • . 

100 140,000 ^ 

• * ■• ^ . * . • f, ' 

3, A cubic foot of natural gas has a heat value of about 1000 BTU's. A 
gas furnace generates about 780 BTU's of heat per cubic foot oJ gas. 
What percentage of the heat value of natural gas is utilized? 



c 



780 



100 1000 

Finding. Percent s 

Page 291 . ' ' 

i; Bob"'a wood pile is 3 feet high and 24.feetyLong. The ^irst 16 feet 

is oak. What percent of t\xk wood pile is Oak? 

2. Bob paid $64 for his wood. The load of Oak.cJsft: $45. What percent 
of the total cost is the cost of Oak? 

3. B6b estimates that his wo^d pile should last about 45 days. What 
percent of the wood pile is used after 10 days? 

4. A i^ick-up truck load of wood costs $35 and $5 of that cost is for 
' ata^W-ng the wood. The .cost of stacking is what percent of the 

total cost? . ' 



* Hnidlng a Number When a Percant Is Koown 

Paga 292 

1* Frank purchased a wood stove and had It Instated. The total coat 
waf $1200. The price of the stove was 40X of the total cost. What 
was the price of the stove? . 

2. In Frank's neighborhood. 6. of the homes have wood stoves. This Is 
30X of all homes. How many homes are in the neighborhood? 

3. Frank's stove is 751 (as wide as it is high. H^s, stove is 24 inches 

t * . 

■1 K ' 

wide. How high Is his stove? 

4. Prank's stove weighs 280 lbs. This is 87. 5X as heavy as his neigh- 
bor's stove. How much does his neighbor's stove weigh? 

■» ' 

Using Fercents 



Page 299 . 




1. The fuel value of Blm wood is 21,4 million BTU's per cord. This is 
about 671 jpf the fuel value of Hickory. What Ds the fuel value of 
Hickory?! . 

\ t .• * 

21.4 is '67Z of what number? 

A. A cord of Elm weighs about 3400 lbs. and a cord of Hickory weighs 
about 4400 lbs. The weight of a cord of Elm is what percent of the 
weight of a cord of Hickory? " * 

* • 

3400 is what percent of 4400? 



% A cord of Oak valghs about 3900 Iba. and a cord of Birch walghd 

about 3400 lbs. The weight of a cord of Oak la what percent^e of ' 
' t^e walght of a cord of Birch? 

Is yhat percent;agft of 34007 

\ ' . ■ 

Aa About 20Z of the weight of seasoned wood Is due to ^Isturov A cord 
of seasoned Maple fontains about 820 lbs « of mql^^ire;/* *^(^tvd^ the 
total weight of a cord of Maple? 

d^o la ZOX of what nuiiiher? " - > 



Page 302 
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Circle Graphs 


Tend. 




Stoye 


Cut 


25% 


Wood 




' 601 



.Chalnsaw 
lOX- 



5%, 



Clean Stove 

' ■ • - ■ • 

This circle graph shows how the time Is 'spent by one home owner who heats 
with a wood stove* 

-49- ■ ,' > 



If th« hom«* ownar spends 450 hoilts a ysar in wood stoya related actlvl* 
tles» how nany hours, are spent 
1. tending the stove? 
2*^ cutting wood? 

3. nwlntainlng the chain saw? 

4. cleaning the stove? ^ 



FRir 



1 



IT 



/ • 



F3;ow Charts 



P«i« 308 



" H«r« la a flow chart i9howlng how to a^art a fire In a woodstove. 



Add mora 
Tinder 



Put tinder in firebox 




Open secondary air 
supply 



Open ThermoB^at 



Lltfiht Tinder 



> Close firebox door. 



No- 





— n- #— : — ^ 

Stove warmV* 
\/Yes 


- -Add logfl 






Set Thermostat ' 
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■ *° •••• . , - ?m ■ ' ■' ■■ 

t«U whuther you would make an M:|kCt count or try to make a reasonable 
•atlmata If yo'u want to know - 
1. The nymbir o| 4ead< elm trees in > 12 acre wood loCt 
,2* tiie number of logs buirn^d in a wood stove in a month. 

' ■ . . ' • . ■ ■ ' J ' ' ■ ■ ' 

3. The number, of logs burned in a wood stova on a day in.Janudry. 

4. The number of logs in a xord of wood. ^ 

5. The nuwbe^ of houifs ne^lded to ct|t ;and a^ck a cord of wood. 

' . ■ ' ^' ■'■ ■ ' . 

6. The number ^f^ogs /fteeded to make a wood pile A feet figh and 10 

♦ ■ feet -long. ' ' ■ 

7. The number of pints of gas use.d by a chain saw in cutting up a cord 
of wood. i 



0>« 



Counting: Tree Diagrams . ' 

B<|b is going to buy a chain saw. 

A Sears chain saw has three different blade lengths available:- 12",.. 

y- — *. * ' 

16", or 20". 

There are three different sized engines available: 2.0 cu in., 2.5 cu^/. 
it^ , or '3.0 cu. in. A chain- saw with a 20" blade requires an engine r- 
iith at least 2.5 ^u. in-: A chaiijsaw with a 12" blade coi^es with a 
2.0 cu. in. engine only. An automatic chain oiler is stAndajd equipment 
on saws with 3.0 cu. in. engines and is not available. on 2.0 cu. in. 

■ ■ -52- " ■ ' 



•nginM. An {tutonmtlc oiler oic a manual oiler Is available for 2.3 cu. 
A tree ^d^^agram shows many models of chain saws ate available* 




Engine^ Size 
2#0 cu. In, - 

2^0 cu. In. - 

2.5 cu. In. 

3#0 c^, ln# 

2.5 cu. J.n. 

* 

3*0 cu. In, 



Automatic Oiler 
no 





no' 

yes , 

no 

yea 

yes 

no 

yes 



Page 327 ' 
Hov.iDnany models are available vith ^ 

1. an automatic chain oiler? 

2. .a 2.0 CU-. in. engine?^ ^ 

3. an automatic oiler & 2.0 Cu. in. engine? 

\ . — .. . 

.A. V 2.5 CU. in. engine &.* a 3.0 cu. in. engine? 

- \ ~ '■ :•■ ' ' ^ 

5. an automatJ.c oiler & a 16" blade? 
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Solvti aach problem* Use a tree diagram to help you. 
6* Suppose an automatic oiler is optional on all models. How rakny 

different models wiJLl then be available? 
7^ If efch engine size is available for each blade size, how many 

models vlll > be available? ' / 



The Counting Principle < 
Page 328 , ' ' 

Johnson '^<^$aws stbcks chain saws with three different blade lengths and 
two different engine sizes, Ho\^^ny diffeipent models are available? 
At Sally mad« a tree diagram. 

p ■ ■ . ■ 

I \ ■ 

Blade Length Choices 

1 h.p., 12" 
lh.p..,16" 

1 h.p.^ 20" 

2 h^.'. 12" 
2 h.p. , 1-6" 

' 1 h.p. , 20" 

She foun^ that there are six different models. ^ 
B. Nancy counted 




Ntimber of - 
Engine Sizes 



Number^ b| 
blade lengths 



Number of 
Choices 



2 X 3 , - e 

She also- found that thejTe^are si3t moddds. Some, times it is easier to 
multiply to find the total number of choices. 
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UsJ^ng th« Counting Principle 

P«g« 330 

Portland Stove Co^ has several features available for their stloves* 
Count the number of different models available using the counting 
principle. 

nuaber of number of'"'" "nuSttrar of number of number 

choices for cholp^ for cholcesSfor choices for of 
firebox size f 1^ size fXue locatsLon draft control models 



96 I 



/ 

/ 



> Independent Choices 

Page 332 

Choices !?LXe said to be Independent when they havja no Influence on each 

Other. ■ ' i 

Independent choice^s ^of ten oocur in repeated trials. Each month Sally/ 

Aordirs a load of firewood. She can place her order with one of the y6 

suppliers. There are 6 outcomes (choice of suppliers) the first month. 

How matiy ojjttcomes are possible the , second month? The third month? How 

many out comies are possible for two months? 

• choices for ' choices for possible 

let month 2nd month outcomes 

/ for 2 months 



Dtpendent Cfioices 



Page 334 



Choicas are said to be dependent because they have some Influence on 

each other* 

*. • . ■ * • * 

Each month Susan orders a load of firewood from one of six supplj/ers 

• ■ ♦ 

She never places an order with a supplier she has used before. How 
many different ways could >he plaf e qprders the first, three months? 



number af 
choices for 
the 1st month 



number of 
choices for 
the 2nd month 



number of 
choices for 
the 3rd month 

k 



number of 

possible 

choices 

\l20 



Using Diagrams 
Page 338 ^ / 

Mr* Lott collected this diata. 

there are 32 homes In his neighborhood , 
14 have wo(^ stoves ^ 
16 have heat pumps ^ 
12 have neither a wood stove nor a heat pump. 

He aajked Barbara and Lillian to find out how many homes have both a 

. . . » 

* ■ 

wood stove and a heat pump. 



A. Barbara used dpta to ^ 
find the answer. She 
marked 32 dots to rep- 
resent the 32 hoijoes. 

. First s^e circled 12 dots 
to represent those horned 
that do not have a wood 

♦ 



atove or a heat pump. 



• • • # 




Then ahe circled 14 of 
the remaining dotg to 
^represent homes with 
wood stoves. 



She then circled 16 
dots to represent 
homes with heat 
pumps. 



Pi* •■"•I'I 



I 
I 



The Id dots Insl^de both dotted circles repres.ents homes with bg/th 

• ■ . ■■ ■ " . 

%iood stove and a heat pumj^. 



r 



.1 I t-ry . ... 
'I 

r 



B. tllllan computed' her answer* 

She subtracted' to flHd the .number of hbuses^vlng a wood atove or 



a heat- ptmp, 



Homea 'In 
Neighborhood 



Homes with neither 
a wood stove nor a 
heat pump 



''Homes with either 
a wood stove or a 
heat pump' ' < 



32 - 12 ■ 20 

She then added to find the number of « homes that have a wopd stove 
or a heat pump • ^ , ^ 



Homes with 
»wood atbve 



Homes with 
heat pump 



Homes with 
heat pump or 
wood stove 



14 ' . 16 • 30 

Next she subtracted to find t^e number of homes that t&ist have 
both a wood stove and a he^t pumpe 



Homes with 
wood stove or 
heat pump . 



Homes with 
wood stove- of 
heat pump or both 

/ 



\ ' Homes with 
' both 



30 - 20 ' - 10 

there are MO homes with boi>h a wood stove and a heat p^mp« 
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Page 3?9 



/ 



C. Mr. Lott mai^e a Venn diagram to show'^tihe data, 




Circle W shows UOw jiiany bomes have wood stoves. 

'10+4-14 

^jCj^cle H shows how many homes h^p/e heat pumps, ^ 

10 + 6-16 - . 

The Internee ti:^ of th^ two circles (where they overlap) shov/S 

It. ' ^ . ■ ■ 

how Qiany homes hdve botfljpi wood stove and a heat pump, 

.♦'-^ 

. The nupQ^er 1^ outside the circles shows how many homes have 
neither a wood stove nor a heat pump*. 
Page. 3A2 

■ : . ■ ■ ♦ • '^ • • • • 

Laura has' ordered a load of tttwitdo^. It will be delivered sometime 



during thd next week. 



«A« Laura worjks Monday » Wednesday,' and Friday* What are the chances 
' sh* wlU be at ;^brk wh&n^the wood is dollVered? 



#1 



Thate^ are seven days and seven outcomes / AXl are equally likely to 
occur. There are 3 days out of 7 that Laurd will be at work. The 
ptobability thatr Laura will be at Jwork whian the wood Is delivered 

ii 3/7t . ; 

Number of favor able , outcomes • 
7 ^ — Number of possible outcomes 

B. What artf,»the chances that the wood will be delivered on Saturday 
or Sunday? , 

There, are 7 'possible outco^oes. All are equally likely, .to occur . 

There are ^ two favorable outcomes. The probability that the wood 

■ ■ . • i, ' ' ■•• ■ • - . 

Is delivered on Saturday or Sunday Is 2/7. 

2 < ■ Number of ^/favorable outcomes 
7 -Number of possible outcomes 

1, What is the probability .that the wood will be delivered on a day 
. beginning with the letter T? ^ 

2. What is the probability that the wood will be dellverec^on a day 
containing the letter T? • . 

Page 34A 

The' local utllltlSs company is going to- study the reduction in heating 
bills in homes u^lng wood stoveS. Two such homes will be studied. Of 
the 34 people who'» volunteered for the. study, 18 have a heat pump in 
addition to a wood stove. . 
What is the probability that the two homes selecte4 for the study have 

heat pumps? ^' 

-60- . * 
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^ 1 



flMt comput« th« numb«r of waya to choose tha two homes. ^ . . v > 

^imbsr of Numbsr of Numbsr 

choices for choices for ^ of possible 

the Is t hom^ the 2nd home outcomes 

34 X 33 - 1122 

There ar^l22 possible outcomes, 

Jhen compute Che number of ways to choose the homes with heat pumps. 

Number of Number of Number of 

choices for choltes for favorable 

the -lit home , the home " (outcomas 

'18 X 17 ■ - ^ ' 306 

Therefore, the probability that both homes selected for the study have 
heat pumps Is 306/1122 or 3/11. 

Using Probabilities to Make Predictions 

Page 3A6 

Alan wants to estimate the number of days out of the next^30 days that 
he will bum more than 100 lbs. of woqd. ^' 

He feels that the chances are 4 out of 7 that he will burn more than . 
100 lbs. of wood any given day. 

He then multiplies to find the exp^ed number of favorable outcomes. 

■ * probability of Expected 

burning more Number number 

than 100 lbs. of days ' of days 

. A/7 X 30 - * 17 1/7 

iUan estimates that he will bum at least ,100 lbs, of wtod on about 17 
, of the next 30 days. 



P«8« 348 . 

f 

< ' i 

Frank and dtllvwa firewood. Last year he aold 214 plckrup 

truck loads. He made a table to show thAumber of orders for certain 
types of firewood e 



Type of Wood 


j Oak 


Birch 


Elm 


Hickory 


Mixed 


NumbeB of Orders 


42 


. 28 


21 


27 


96 



Use hlf table to give the probability that an order will be placed for 

1. Oak 

s 

2. Birch ♦ , 

3. Elm 
A. Hickory 
5. Mixed 

Frank anticipates" abotft 300 orders for wood this year. Give the 
expected number of orders for . , 

1. Oak 



I. 



Birch 
3. Elm 
, A. Hickory 
S. Mixed 



frank ha9 Increaaed his prlcea for his typaa of firewood* During the 
flrat wpnth after the price increaaa Fraitfc^ delivered 32 loada of vood« 
Be again made a table. 



Type of Wood 


Oalc 


'-I 

Birch 


Elm 


Hickory 


Mixed 


t- 

Number of Orders 


5 


3 


A 


3 


17 



Uae hla new table to give the probability that an order will be for. 

1. Oak < 

2. Birch 

3. Elm ° , . . ^- 
A, Mixed - 

If he received another 300 orders. this year, what is the expected 
number of orders for 

1. Oak 

2. Birch 

3. Elm 
A. Mixed 



' ^ Conditional Probabilities 

Page 356 

Frank sells wood Stoves. HeuJLs conducting a survey of his customers 

\ ' "* ■ ' ■' ' 
!^by, mail io determine unnval , heating bill savings: About 2/3 of those 

responding have reported savings of at least $200. Frank has noticed 



ttat 8/10 of the homes with heit pumps report savings of over 
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$200. 



( 



\ 



Frank 1» about toyfpen an onvolop*. oontalnlng a raaponsa. Tha 
probability that it will report aavinga' of^B^^J^aaajt $200 is 2/3. 
Frank observes from the return address that the response is from a ' 
customer with a heat pump. The probability that the response will^re- 
port savings over $200 is now 8/10. 

Using the additional information,, Frank computed a conditional pr6b- 
ability, «ow did he do it? ; , ./ 

4 . Picturing Statistical Data 

Page 360 „ ' 

Graphs, are used to plctwre statistical data. The graph below shows Che 
net growth in hard woods available per year measured in millions of 
\ cubic feet. • 



Region VK 
N6rtheast 
Southeast 
North Central 
'South Central 

West 

» 

^- \ 



\ 



ftnnrni 



fttiin nm )}t nn t nt 1 1 n f) i inn } * /JJJ 



Z2ZZZ3 



mum 



1500 1000 1500 2000 2500 
Millions of Cubic Feet 



3000 
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1. In what region Is thert a net growth of about 1100 million cubic 

2. the annual increase In hard woods available In the West Is ^bout 
the same as In what other region? ^ 

3« In 1970, there was an estimated net growth of 5300 million cubic 
feet of hard woods- What percent of the gtowth occured In the 
North Central region of the United States? 



Sample Statistics 
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In Lakevllle^ a city wlth| 25,000 homes » a researq^ team Interviewed 
people to find out what types of heating systems they had In their 
hoine9* 

Heating Systems In Lakevllle <■ 



500 
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(a 



all: 



1. Add thft pttrcants.' Is*th« sum gr|ater eh«n 100%7 Wha^reaaona 

might there be for this? • 
2* Estimate hov many homea in Lakevllle have a gaa funiiaca^ (Plnd 58% 
\ of 25,000) 

Eatimate how many homea in Lakeville have a 
3e fireplace • " . 

4« electric heat. 
5e wood stove, 
6» oil furnacei 



a, i 



7. Of the 500 people Interviewed, 22 had a h^^pump and a w6od stove 



What percent was t^s? 



8, Estimate how many homes In Lakevllle have a heat pump and a wood 
stove. 
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Statistics 
Fuel Vi^lues of Some Common Wodds 



— •.-r— f * ■ ■ 

Wood 


Fuel value/cord^ 
(millions of BTU's) \ 


Red Oak ^ 


./" — - 

/ , ' 27.3 


Shagbark Hickory ( 
White Oak 


30.8 • 

\ , 

30. 8 V 


White Ash 


' v25.$; 


Eim 


?3.8 


Mapib^ 


i 29.7 


1 — ^^.^ — . — ^ — - 
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Th« M«an 

>ag« 36^ . 

1« Compute the mean (average) fuel value per cord for the woods 

listed* \ 

■t ■ ' ■ 

The Median ' 

. Page 367 

1. Compute the me^dlan fuel value per xtord for the woods Hated. 



Range and Mean Variation 



Page 3^ 



1« Compute the range of the fuel values per cord for the woods listed. 
2. Compute the mean variation of the fuel value pel: cord for the 
woods listed. 



\ 



V 



0 

\ - 



ScatCergratns and Correlation 

■ I . 

Page 372 

Whieh kind of correlation would you expect In scatter grams showing 
points /for thejse ordered pa^rg? 

1. (outside temperature, cost of heating a home) ^ 
1\ (weight of wood stove, height of chimney) 



(moisture contetit of wood, fuel value of wood) 

4* (weight per cord, moisture content of wood) 

5* (engine size of chain saw, cost of chain sfiw) 
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Our purpose h^re I0 not to present a reasonably complete problcjp^ 
M^tf as ve did In Problem Set Rather, we want to discuss the ixxir 

portance of qualltatli^e loathematlcs and the mathematics of uncertainty. 
Aa part of this discussion, we provide some 'sample problems dealing 
with environmental concepts * : 

Aa we. mentioned previously, we find It distressing that such mea- 
ger attention Is given to qualitative mathematics and the mathematics 

b * 

of uncertainty In grades K78 (and beyond) « As teachers of applied 
mathematics In a university, the content of ou^ courses Is virtually ^ 

/ 

the exact opposite qf the contentf found In the K-8 mathematics cur- 

\ ' ■'/•••■; V^^--V.. . " ^ 

rlcula« Thaij^^^s, we C^n^^^^^^^ emphasl;;fe qualitative* mathematics and the 
mathematics of uncertaitit^\\ v " ^ 

'■'''\V\ ■ ' \ .■ 

Our reasons for sudh an 'i^tiiphasls have vc^ry little to do with dlf- 
ferenpes between unlverslty-le\rel eduqation *and pre^^unlverslty educa- 
tlont Instead, our approach stems from our experiences as consultants 
to govexnment and Industry, as well as the opportunities we find for 
applying mathematics In our pei^sdnal lives. Please understand, we are 
not denlgtatlng the usefulness of geometry, calculus, the "basic facts. 



and so on. What we are trying to point out Is the Importance of cur- 
rent iy.;,underempfiasl zed subject matters ' • 

Coimplexlty and uncertainty are fche dominant features of an or- 
gan4>sm's existence, regardless of whether this organism Is a person, a 
govanunent, or a business. Thus, It Is vital that humans be equipped 



■p- — ^ 
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with •kills for making sense of complexity and for making decj^sions 
under cpnditions of uncertainty and conflicting oWectives. 

i- ■ .•■ • • > 

Qualitative Mathematics 

I. 

Consider complexity first.' The key ingredients in all complex 
situations are (1) elements, and (2) relations among the elements. To- 
geth«r, elements and they:elati.on8 among them comprise the structure 
of a situation. Before any sort of numerical commutation can be car- 
ried out in a problem-solving' effort-, it is imperative that one have a 
I sense of the problem gituation's structure. . It is the structure that 
"^guides data acquisition, and it is the data that provide the grist for 
.aumerJLcal computation. ^ 

In at tempt ing;^to discern the struct\i^re of a situation, one first ^ 
identifies elements ^e.g., factors in tSl energy crisis) and then re- 
lates thele to qne another in order to produce a structural portrait of 
the problem situation. This i^ where the adroit jlse of qualitative 

i 4 

mathematics becomes a virtual necessity. f » ' 

f 

For example, consider the problem of land use in Amejfica, parti- 
cularly the dilemma of using prime agricultural land fot purposes other 
than farming. This problem situation is becoming acutely important to 
all Americans, and it certainly should be a crucial toi)ifr. in environ- 
mental education. Some ideas invltved in the land use issue appear in 



the paragraph below* 
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Th« Increasing use of marginal land requires a 
much higher usage of energy and fertilizer. In ' 
^ddl,tlon, such land Is more susceptible to erosion ^ , 

V than Is prime land. Buy why must we use this mar- 

/glnal land? The answer seems clear. It Is because 
^ of the Alsappemrance of good farmland. This Is due 
. to pr^fsures from developers and other Interests that 
have caused policy makers to make zoning and other 
^ decisions that have resulted In prime farm land being 

used for parking lota and similar J^a|s. The long- 
term effect would seem to be food shortages brought 
about by our decreased ability to produce food from 
food crops. The result will be, as we might ekpect, 
V higher food prices for all of us. ' ; 

While the ' preceding paragraph may not, be the zenith pf good writ- 
ing. It is fairly typical of the sort of thing one hears on television 
news, reads in newspapers, or hears in casual conversation. It Is.fur- 
thermore, the type. of idea mixture we continually are being asked to 
evaluate, comment on, and cast votes on.^ And, not^, numbers appe&r 
nowhere in this paragraph. In situations like this, training in numer- 
ical computation helps only to the extent it has developed general 
capacities to think, and ^organize. . v 

J We contenh that no special mechanism exists in the human head that 
.automatically receives such input anrf presen,ts a clear picture of it to 
the human being asked t<^ think about, it. How, then, does one go about 

I 

<* 9 

making sense of such issues? One way is tquse qualitative mathematics. 
The questions below will help to il^ydtrate how qualitative mathematics 
may be used in such situations. . , v- 
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Question 1: Identify ^the element set, that contains the rele- 
vant idei^ for making sense of the land-use Issues presented in the , 
paragraph. 

Answer: u - [increasing use of liarglnal landj higher use of 
energy, higher use of fertilizer, Increased susceptlblllty^to erosion, 
disappearance o^^tl^axUand, pressures from developers and other 
Interests, Pollc^dMpBbernlng land use. prime farmland converted to 
nonfarm uses; foqd shortages, ability t| produce food firom food cfops, 
higher food prlceb]. ' ' . , 

Question 92: l^orm the Cartesian product of y with Itself. 

Answers The Cartesian product would contain 121 ordered pairs of 
the form m x p - [(Increasing use of marginal land, ' increasing tlse of 
marginal land). (Increasing uae of -marginal land, higher use of energy), 
. ■. (higher food prices, higher food prices)]. The Cartesian product 
can be more convet^lently .portrayed in matrix form, as shown below (ig- 
nore the O's 'and I's in the matrix for now) , Each cell in 'the matrix 
represents one ordered pair of the_Carteslan product. ' 
: Question #3:' Use a contextual relation, such as ".leads to" and 
fill 'In the matrix according to the following rules: .place a 1 In the 
cell If the row element- leads to the column element. For example. If 
(ood shortages lead to higher food prices, place a 1 In the 9th row. 
Islth column* 

Answer: Se^ matrix. 



Increasing use 
of marginal land 

Higher- use of Energy 




Hlgher^use of 
fertilizer 

0 ■ - « 

Incceased suscep*- 
tlblllty to 
Erosion 

Disappearance of. 
Prime Farmland 

Pressures from 
Developers 

Land use 
Policies 

Prime Land in 
Nonf arm Uses 

Food Shor.tages 

Ability to 
t>roduce Food 

^Higher Food 
Prices • 
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Q^^tion 14.: Us* your/anaweirs In yov^i>*jj(wt*ix 

del) .• ■. .■.-v- 

V V . *»«ve severi^l ;<iult« 't4a(aa^ can antlaipajt;e « 



' - *tiiot ejcpettd In maich?^^ 't^ev fc«^iJ.ev|l. tfe ^b* ndt' claim ' . . 



V - , V "c^pts <£outd 'wTit^ for yirtuaJ:iy %|B^<.leirer in' the, Jt^8 ^rtjdtfulunii ^ j: A ^ ' 

■■ .■ ■■ '■ .. t'-' ■■ ■: * ■■ ■■ ■■ ■■■ ■ »■. ■ ■ • ■ ■■■■ ■:■•■/■;:■■* . , 

' , Ar «.ec;|nd objeetj^on inl«ht c'ohcetn tl»e taiP*n6what? coeTtrAVersl^il' con-*- •: . ^ ' * 
^. , - Gilfalona 'that cdn be drawn from^«kjuin\n .ijxifrclfl landMevelop^rs . ^ 

are evil and are tesponaible for soiifl"^ 
, would contend that aijch t^uest^^ ' ' . 

. Aental problems . Thiifr Ig, delicate i.aeufesv'are not' avoidafile if one . ; " ' , * , 
td*hes to tjake ^irpnmelita^ educftio^^^ 

r'r'i<?|i:;:;;^iipdel ^9f;^:tit!if^.;$ilfiya6;io^;^^^^^^ pi[!^8«5nt;0d '■'iiv-'^^: ■ H^^'"- -''//; 

' ' »l.^.the i?ftal^;w<)^:ld..^'::'^hM'^U^^^ d«^ei<MV6^<ji-:^ttr^^;^;.:^^ ^'^v: 

.V"^ v\-v- .'^.V7- :?"i^r.^:;';'\ . ■ : ■ - ; 




truly the cause of all this misery. The discussion then turns 

to the reasons for the developers' desires. The student will quickly 

It is not such a slmplt world ^it%r all. ka^^ 
dtfllrea for profit^ theife ^re other factors that; in turn/ are pushing 
the developers. For example, "increases In population dnd ttie American 
dream of owning one's own home escalate the demand for building slt^s 
In p]!basant areas » which creates the opportunities for development In . 
the first place. * ^ 

Thede Issues ^o beyond what normally would be dlscusse<^ In K-8 

» V ■ • > 

mathemattx:^ classes . But, the student can« retain their structural 

models for social science class » at which time the soclo-^economlc 

Iseues can be discussed. The models can again be taken out In a 

« natural science class to aid In a discussion of soil erosion or energy 

use^v and carried with them on a field trip to obsexrve development 

''activities or to look at ji^vldence of soil erosion. What an exciting 

world such integration would be fpr most students! 

A thirds ob J ecrt Ion that might be raised Is the question of teacher 

preparation to handle such Ideas and techniques. We admit this Is a 

4 * 

bit sticky ♦ We do point out, l\owever, that incredible effort is put 
into the teacher's manuals that accompany current mathematics texts* A 
similar (Effort to aid the teacher in areas of qu|^tative matliematlc^ 
should make these concepts manageable to the harried classroom teache^r. 
We turn now to some examples of the mathematics of uncertainty. 



Tht M«th«i»tic3 of Uncertainty . • \ 

The mac*hematica of uncertainty provides a framawotk for dealing with 
prbbloni limdei^tfday are^^^o^ on 

projections of what will happen in the future. A gppd decision maker is 
not merely lucky, but rather is someone who und'erstanda the relation- 

ships between the unceftaint;ies of the future and the\»optlons available 

' - * • • ' ■ • \ 

today. ■ , ^ ' V ' ' ' 

The key to good decision making lies in the ability "^o structure the 
problem.' Making gooti decisions requires an understaijdlng of 'the problem. 
This" in turn requires that" the relationships between the el^enljs of the 
problem be identified. 

The mathematlca of uncertainty, as a framework for structuring 

♦ 

problems with elementla of uncertainty, is illustrated in the discussion 

(V)f t^e following situation: * 

f 

Frank and Mary Simmons are concerned with their ever increasing 

* 

heating bills. When they built their home six years ago, they had^ 
no choice but to use electric heat. * 

f 

Frank and Mary are considering ways of conserving energy and cutting 
their heating bills. One po8sibi]j*lty Xb heating with wood. They 
are trying to decide whether or not to install a wood st.ove. 
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Th« problem appears r.elattvely simple, particularly since it 
requires k yes or no answer. However, the issue is'complex since there 
are several elements in this problem, (A good decision maker has 
learned to identify the key elements of the problem.) 

Some of these elements can be "contro^ted by Frank and Mary , such as 
type of wood stove, coat of wood stove and installation ^nd tliermostat ■ 
setting* 

However, there are also elements of uncertainty that compXicate the 
problem. In considering heating costs, they must deal with such uncer- 
tainties as futur\B increases in the price of electricity, future in- 
creases in the cost of firewood and the severity of future winters* 

The discussion below will help illustrate how elements of uncertain- 

:^ . ' 

ty can be inct^t^arated into the structure of the problem. 

Step 1: Define the problem and identify the goal of the decision maker. 
Answer: Frank and Mary want to reduce the size 6f their heating bills. 
Step 2: Define tt^e options (acfflons) available for solving the problem. 

♦ 

Answer: There are several actions that may be considered, However, to 
keep the discussion simple, only two actions will be considered: 
1) Install ^ wood stove: to furnish' all or. p»rt of their heating needs, 
^2) do jlot install a wood stove. 

^Step 3: Define t^e elements of uncertainty in the problem that affect 
the actions being considered. 



Answtr: Again there are several areas of uncertainty. Some were men- 
tioned in the discussion above. For simplicity, consider on^^^ 
of uncertainty: future increases in the price of electricity. Assume 
that the price will incrdase at an annual rate of either 10^ or 20Z. 
Step A^ T)eflne the relationships between the options considered, and 
the elements of uncertainty. (These relationships are called conse- 
quences. They are the Cartesian product of the set of options with 
th« set of uncertainties.) > *Y 4' 

Answer: One way of identifying these consequences is to draw^ a picture 
called a tree diagram. A tree diagram is a picture of tlie structure of 
the problem. Refer to the diagram below* 

Step 5: In order to compare consequences, (and later corppare options), 
assess t]\e value of each consequence. 

Answer; In view of the Simmons' goal to reduce their heating bills, it 
is convenient to evaluate the consequences in terras of heating costs in 
dollars. For example, if Frank and Mai^ use a wood stove aijd the cost 
of electricity increases at an annual rate of 20Z, they might estimate, 
an average ^heating bill of $800 per heating season. Refer to the tree* 
diagram for the remaining aasessmetits. 

The tree diagram pictures the structure of this simplified problem. 

• * . * ♦ ■ ' 

Viewing the tree from a do'llar value point of view, It ip obvious that 

* 

the best consequence is no stove and a 16w rate of price increases. 
If Frank' and Mary -knew for sure what w^uld ha(ppen. in the future, ^it 

. ■ " '. ' ( 

would be easy to make^a decision. However, they must deal with the 




♦ ■ 



Options ^ Rate of Ptice Dollar Value 

Increase Consequences 




uncartaln rate of price IncreaaeB of electricity. 

• Step 6: AsBess tjhe value of each option: Compare options by comparing 

" valuea. Pick the best opt/ion. 
Anawe^^; The tree diagram indicates that the cost of installing a wood- 
•tove* should be assessed at between $700 and $800. The cost of the 
option of not installing shpJld be between $600 and $1000. Th|re are 
several techniques for making these assessments. Most rec^uire a proba- 
bility assessment for the chances" of each of the two rates of price 
Increases* ^ 

0 

V 

We have not solved the above voodstbve problem in the sense of 
finding the best option* This was not our goal. The purpose was to 
demonstrate the importance of the mathematics of uncertainty. The key ' 
to makingj sense of complexity and for making decisions under uncertain- 
ty lied in the understanding of the structure of the problem. .IThis 
requires the identification of the relationships betweeh the elements of 
the problem*^ The mathematics of uncertainty provlctes th^ framework for 

constructing the structure and the relationships. |Fl 

^ ♦ 
The objections anticipated in the previous section (Qualitative 

Mathematics) apply here. The responses given in that section are. 

appropriate for this one. . ' • 
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THE STRATEGY • ^ J.- 

Before a 'student can begin to handle Qomplex relationships among 

- ^. . . . • 

e]!K^roninental coxicepts, the student must first have familiarity with 

* ** ' ' ■ , • • . 

the concept^i * themselves. That Is, in terms of the elements and rela- 



tions comprising the structure of a situation, the student must under- 

stand what t^e elements mean befope the elements can be relaited to one 

ftnlJther., ,FamlliaiF.lty with importa concepts can easily 

* . ■ . »•>•* . • - 

be developed, by repetitive u©e of these poncepts throughout a student's 

early years of- exfiiiQsure t;c);;^athematics curricultims * 

In factj^^; a mathematics series could be designed in such a way 

' ■ ^ : " * r " * ' 

that faiftiliarity>wlth'efivlronqjentaik concepts gradually emerges simply 

i> . . , . 

as a byproduGtt" of Usinjg, thtffre concepts over and over again in "theme" 
contexts, Wch .as^.we did with wo^dburning stoves in Problem Set //!• 
By the time a^^stude.rit , has progressed through several grades, the 
familiarity iwitH environmental concepts gained from this approach would 
allow thejintrodiictipn arid^ginalysis of fairly complex situations in-' 

voicing tiiese concepts/ iKen these situations could be interrelated 

^ - ■ > ' \ 

-with other si tuatlQns, lAiildlng in the student's ?iind an even larger . 

V ■ ■ . ■ 

portrait of 'his of her environment. 

Ad We ha^ye stated i?efore, we believe such a piggybacking of en-, 
vlrorimental. education onto mathematics education to be feasible. Djae 
^tt^Q.t\^^ wlthjdeliGacy fil^d intelligence, environmental educatlojr can 
tide on' mathematics education with ho additional costs incurred by 
mathematics, or the teiaching profession, or public school systems. 
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coNausioN - . 

In th« preceding sections of this report we have argued that 
aathematica educat'ion caii easily serve a^ a vehicle for Environmental 

education, and we have presented numerous illustrations of how this 

- 

might be done, ^ne very basic maxim underlying our proposal i$ "Never 

» 

do just one thing." Though guch efficiency considerations are imp^r- 

» ' ' ^ .' • 

tant dn a busy world, our belief th^t a marriage between mathematics 

)' \ ■>■■■■■'.■' 
education and ^ environmental education is appropriate rests ^n some- 
thing more than just matters of efficiency* ' '!''"'^->s/ 

First of all, there is the fundamental problem of gaining fentry ..,^ 
for environmental education into already overloaded school syst/ems.^ If 
it c^n be demonstrated that environmejcital ideas can be piggybacked onto 
existing subject matters, and we e^ink this is demonstrable, the dif- 
f'iculty of putting environmental edui9ation into place in the public 
school systems will be considerably^essened. ., ' ' 

Beyotid the question of how to gat environmental education into the 



school systems lies a dilemma central to mathematics education itself. 
The dilemma is'^this: Most studcnCS'are alienated from mathematics. 
We have only our 20 odd years of teaching matheHaatics at. tS university 
level to o.ffer as evidence in support of this contention; nonetheless, 
we believe it to be true.. The soiirce of this ali'enation is ftiat atu- 

♦ 

dents •somehow miss the central idea tha^t (among other things) mathe- 
tttatlcs Is a language ^a highly useful language for clarifying and 



solving the problems they confront as hu||l^n beings. Environmental 
Issues are serloite, significant, and r<^al. It has been our experience 
that, when students see the usefulness of mathematics as a language for 
dealing with the uncertainty and complexity Inherent In serldus, real, 
and significant Issues, their allenatloti declines, » 

Finally, the real excitement In all of this Is the promise that 
'environmental education holds for serving as a linchpin that bl^ds 

f 

together and lnt(f grates* many subject matters. To speak of a person's 
environment, the socio-economic as well as the natural environment. Is 
to speak of all that affects the person. A careful synthesis of sub-. 
Ject matters using -a person's environment as the guiding theme lua 
possible. What a grand and glorious educational experience It would be 
to see the same cqncepts approached thrjough literature, mathematics, the 
visual arts, music, social science, nat\iral science, and so on. It 
would become apparent to the student that, as someone once said, "to 
touch a flower Is to disturb a star." And, that*s what environmental 
education is all about. . 
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_ CHAPTER I 



. • THE NATURE OF THE TASK 



INTRODUCTION 4 

V .1 ■ '■ ■ 

J . 

According to the Environmental Educ?it1on Act of 1970, "enviVonmentaT 
education'!. means t^he educational process dealing with man's relationship 
with his natural and man-made surroundings. The Environmental Education 
(EE) process has been perceived from the outset as beirTg multi faceted, 
multi- and Interdisciplinary, and issue- or problem-oriented. It 
should be designed to help the learner both^o perceive and understand the 

♦ 

concepts of "environment", environmental principles, and to identify and 
assess alternative solutionsHo environmental problems'. 

• As a result of inventory and analyses of existing EE programs ^ 
conducted for the Office of Education by the Arizona State University/ 
Association of American GeogripK^s in 1975, the following primary 
recommendation was tijade: ^ 

To d(LV(Ltop cofiz thmzh and a. conctptual ■ittM.uctuAQ. in' . 
^nvl^qm^lUal zducatLon that iyYVthulzd^ and IntzQfiattu^ 

♦ 

pzhXA.nznt 'f^izd mcutteA a.cJwiii> and be^eew a vaxLety 
oi ^dcttonaX dUcipZinoAt, 

Two supporting recommendations from the same report are listed 

/ ■ 

below because they are particularly relevant to the scope and nature of the 
task reported here.. These are: 



/ 



/ 



Supporting Reconmendatlon 1 ; Encburagement should be given 
to those project's that demonS'trve ar/understand1ng 9f^^;he 
Interrelationships of local , riatlonal , and Intennatl^onal 
issues and problems and theyr linkage^. ' 

Supporting Recommendation 4 ; Support should be allocated / 
for the development of teacher competency programs to • ' 

optimize the articulation of core themes. i / / 

' ■ ' • ■'/•/• 

• ' • ■.*//< 

The Arizona Project selected five core themes as critical tef/ne proper 
integrated implementation , of environmental education: 

(1) General Systems' Theory 

(2) Environmental /Unity 

(3) Energetics 

(4) Economics 

(5) Human Setttements. 
Following the recommendations the Arizona Project, the Offijde of 

^nviro/imental^ EducattUn has suppor;te{ijiumQro1k studies that have made contri- 
butions in the development 'pf e6re theme materials for EE.* Irj particular 
The far West Laboratory for^ Educational Development recen^tly/completefd 
a series of Environmental Educati.on Teacher Training Model $ (EETTM). concen- 

tra/ting on the theme- oV Energetics, for the siscondary level. 
- . ' . ■' . • .<* 
One (/f, the major problems faced by educators at all levels with regarjl 

tj) the study of |hvHronmental phenomena is the artiorphous nature of the 

ubject matter itself.' Because of this, and after^reviewing'and analyzljig- 

arflou;5 studies f^nd|8d by the Office of Environijiental Education , (OEE) , we 

(Bee Appendix A ,i^or 'a Bibliography showing sofne of the key documents in 
['this area. v / ' / ' 
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believe that the study of human settlements by means of the Science of 

•■ * 

Ekisttcs can contribute to the organization of this complex subject matter.. 

• * ♦ 

The Intent of our report is to concentrate on the core themi? of human- 
settlements in an effort to achieve the following objectives: 

• To articul ate the, importance. -Of :jiuinan settlement ' 
tubject matter at*the secondary level as one of the 
^ core themes of EE. 't . 

« To demonstrate the feasibility of developing , materials 
that can b^ used in the secondary classroom for organize 
ing and understanding problems relating to' human settle- 
ments. * 



• To link content materials with process methods^^in order 
to build a user-oriented "system of inquiry" relating to 
the subject of human settlements. 

• To integrate 1n^^ohe-4iflgle document ideas and materials 
that have been produced by a number of OEE Sponsored 
projects (see Appendix A)' so thaife the EE community will 
begin to appreciate the role of systemic thinking in, the 
practice of EE. ' ■ . 

^ • To develop a typology for organizing knowledge relevant to EE. 

RELEVANT STUDIES 

• • f ^ , 

As we have already mentioned, considerable work has already been carried 
out that is relevant to the s;ub^ct-of^"human--5ettleTnents'."-™Ttr'Athens^^^ 
Center Of Ekistics\(ACE) has been doing research on the phenomenology of 
hJSian settlements for more than twenty years, "and has produced nulnerous - 
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reports on this subject. However, the maijority of the ACE work did 
not have an (Orientation towards edUcati/n either in the formal or non- 

■ / • 

formal sectors. / • - . • 

^ The' California' State Department of iSlcat ion produced in 1973 a 
publicatiorv^titled Eki sties - A , Guide for the Development of an Inter- 
disciplinary Environmental Education Curriculum . The, i^itent of this • 
publication Is to extend the sti^dy of conservation and* environmental 
p-rotectign beyond the,jiotions of nature study, by helping children under- 
stand the,ir irtterdependence with the natural world and providing them' 
witff the knowledge and the skills necessary to understand and solve 
en vi ronmental^rob1|ms^ JThfe S tate of California's work represents the 
fi rst .attempt to introduce Ekistics into the<clas$room. However, although 
the authors of the reporjt acknowledge the work of C.A. Doxiadis, the 
originator of the scien^ie of human settlements, they do not adhere some 
of the basic principles of ^Pki sties, th'e most important being the role of 
'human agent (anthrppos) in the design and utilization of human setflements. 
This defipi^ncy iS/very /critical from the standpoint of an Eki sties curviieu- 
lum that 'Ttfiy^ Contribute to the appreciation 'by the high school students ' 
of their*;^o>e in terms of human settlemeht problem-solving. 

•The Far West Laboratory Studies " 

As we mentioned earlier. The Far West Laboratory recently completed a 

♦ 

series of teacher training models for the secondary level relevant to the 
study qf urban growth and the quality of life.* 



*See' Appendix. A for a list of the relevant documents. 
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The Far West Uhoratory. studies emphasize that the approach to the 

Study of urbar-growth and the quality of life should be holistic in nature 

3|nd should focus on: / . . , . . 

1. analyzing environmental problems, ' . 

... ' ■ , ■ » 

• 2. examining 'the pro- and con arguments of a variety of public 

^ and private interest groups, labour; business; and gotfernmehf 

J 

^ organizations. ,- . ' * 

3. exploring possible side effects of various' envif-onmental 
problem solutions, . • ' ° . ' ' . 

4. predicting both short term and long term impli<:at1ons of local, 
state, &nd national environmental programs, 

5. articulating personal goals, dfesires, aad life style ne^ds 
i.n terms of their aggregate (regional , nati opal , or global) 
implications f or' energy^usd and resource allocation, and^ • >- .. 

6. making long term life style decisions which maintain a. proper ' 
balance between natural system and. human system' functions. 

> ■ V * 

Such capabilities according to the Far West Laboratories can only t)e 

4 * 

achieved through a curriculum which has the following characteristics: 
. • Environmentjgil education should be holistic and integrated . 
Focusing on and clarifying the' complex relationships' which 
ex+st bejtween liumah systern and natural system and examining, 
"the components and reciproCiil functions of both. 
• EnvironmentaL^ducation should be transdisciplinar.y . . ' 

—yr UtHi-?lnjg-iiTfmT»ra^ton"from^~a^-i«Hety-~(^ 

■ / ' '\' 
/sciences, social sciences,. and humanities. 
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• Environmental education should Jbe problem- focused and decision" 

. ^ — — , — — ■ — ^ — - ■ 

• rtiakin^ oriented . ' ' 

' ' Involving learners in real environmental problems or issues which 
are broad eliough in scope to h^ye regional, national, or global 
significance. It should engage learners in values clarification,' 
/ .problem-solvind, planning and decision-making processes which 

*prepa^e them for dealing with. envi.rx)nmental °pro)ble\ns affecting .. 
both individual life styles and societal goals. 
Essentially, Far West believes that the objectives of EE can be achieved 
through a model of instruction that is based on a general , systems apprloach 
which can display the many interactions that exist within our natural environ- 
ment. Further^ they. wish to develop cor*e themes and a conceptual structure 
in environmental education that synthesizes and integrates pertinent subject 
matter across and between a variety of traditional disciplines. 

The work completed by The Far West Laboratory in the development of 

' ■■ ■ * ' • . • " 

the EETTMs is very systematic and comprehensive.. They recognize "in their 

* 

work the important role that learner-oriented tools and strategies can play 
^ in the problem.-solving and choice-making mode of EE. In their'report they 
^indicate! the need for process-oriented techniques -i^or the discovery .and 
integration of knowledge relevant to^EE. Two such^ integrative techniques 
are identified in their report: 

* 1. Informaftion organization frameworks designed to^olledt, 

organize, and store information; and 

2. Metalanguages which develop a language that can incorporate 

* ' * 

the elements of various disciplines. 
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The crUical role those te^nlques can play in the practice of EE has 
been fully 'developed in the context of the EETTM approach . 

High School Geography Project 

The Association of American Geographers prepared a series of materials 
for the Introduction of the subject o^^Geography' into the classroom. The 
subject matter is very relevant to the human settlement core thdme, so- it 
Will b6 useful to dis.cuss briefly the nature and approach of this project. 

Due to the nature of the subject matter, the geography materials -were 
separated into different areas of concentration such as: 

1. geography of the cities'^ . ~ 

2. manuf^turing and geography • ' 

3. cultural geography 

4. political .geography ^ 

5. habitat and resources /' ' y- ^/ ■ 
6^ a look at the- country of Japan V \ ' \ 

s Each of 'these major areas was presented i^n separatg^wt-^mOl spft- 
covered .books (readers). It would appear that those who designed this 
approach felt that the students could handle* the broad subject area of 
geography if|it were broken down into more manageable components. 

Each of the readers contains content material's which relate to" the specific 
area that is under study. For example, the reader which dealt with Habitat and 
Resources contained content material (background information) which related to 
that particular area of study; Further, once the initi'al content material was 
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presented, a problem was 1-ntroduced whUh related, to the new material - 
presentee) ^nd students were asked to discuss and recommend different 

* « ' . S 0 0'.'.' 

• »■ • 

approaches that could' be utilized to. solve the probl«n. ' ' 



> THE RELS AeA 




' *, ,-J<hiS^ Idea, of a f^c^glonaV Environmental Learnlrvg System (RELS); was \ . 

first discussed, from a design standpoint. In the Fifth Quarterly Report- 
.. .of the University of Virginia contract.; ' This report presents a basis 

• f6r the design -©f a R.ECS,^ an?l, attempts to .Indicate the basis for doing 
^the design as Jrfell . One of the most Interesting aspects of the REL$ 
'des^l'gn app^oach^^ls 'the u1;1Mzat1oh of the -"options profile" technique. 

We '^wlll .briefly d1scus5 below tl^e relationship of this Approach to the - 

• ' . ■ ■ ■ ^ ' : ' 

• study of the? human-settlement-core- theme. , 

Options Pro'flle Technique ^ • ' • 

Figure 1*1, a modified vers.lon a Figure taken^from the Fifth 

Quarterly Report, shows an exaijple of an optlofis profile for environmental 

education at the secondary level.* This example appears to be relevant' to 

■ * ' * . 

the Introduction of the human settlement themp all* the secondary leveT class 
room. The. dlmem^lons of the profl'J^ that' will be emphasized in our currerrt 
effort are 'the following: 

--™-H^'--|Hmens-1«iulk-_5jour<le^^^^^^^^ 

0 Dimension G.:* Lfearnihg resouf'ces 

0 Dimension H: Mediator .model » ' . 

■ . '• , ' ■. . . 
. ■ ■ ■ , ■ '\.- • ; ' 

^ For a detailed description of the rationale and use of the optiqns profil 
approach* to the practice Of EE the reader is referred to [3], / 
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The usefulness of the options profile approach, as shown in the example 
of Figure 1-1', ^ that it sets. forth,.tf|6^ options available to the users in 
designing, a system.- The designers/users can make choices alona the dimen- 
stons of the profile- and generate a set of desirable combinations for the 
pvactipe. of |E. 1^ is cbnceivable, however,, that some of the selections 
might not |)e implemen^Able because of the existence o*f certain barriers or 
constraints. For example, suppose a designer/user wants to introduce at 

■ • / * ■ * ' ' 

the secondary education leveVthe holistic EE theme ^of human settiei|ients . 
'Given the complMity'of the subject matter It will be exceedingly difficult' 
for th^ user io implement a profile sfniilaV to the ohe shown in Figure I-l 

unless the/ollowi^g two condUions airevmet : ' 

// ' ' ' » 

0) ^he user has at his disposal process-oriented? methods for 



discussion and ihquiry. These methods must be made 



ava)l( 
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I 



ble^tq the user In a. simple and easily Comprehensible • 

.is 

mode; and ■ ^ * 
(2) The user must have some materials relating to th^ content of 
the science of humart .settlenj^tis in order, to engage^ group*' • 
meahVijgfuny and productlvisly In a collective Inquiry session. \ 
Two pointf need to be stressed by means of the discussion of the ' 
* above example: ^ 

The options profile is a very powerful technique in two re- 



spects, n,amel^: (a) in terms of idefitifying interes 



and %echj,ically feasible combinations In' the. implementation 
of a Regional Environmental Learning System (RELS)*y|((lrtd 



* In the context' Of this xliscussion thie' implementation of a RELS is equiv- • 
alent to the practice of EE as erfvisioned in the- Environmental Educatio)i Act.. 
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« lb),tn tenns of identifying Important R&D gaps tq 
be addressed through ' the grants ^ind contracts agenda of 
the, Office of Environmental Education. 

TRANSPrsCIPLlNARY EDUCATION 



In h'ls seminal paper on Toward the Inter- ailtl Trans-disciplinary 
University ^^^ Erich Jantsch developed an interesting schema for organizing 

' ♦ ' ' ' ♦ 

knowledge. The schema is reproduced as /igure 1-2. ^ _____ 



In accordance with the Jantsch 'muTti^elon hierarchical rsystem^, the 
human settlement .core theme belongs at the normative level where the concept 
of social systems design is^ ntroduced. According to this schema the 
d1sc1|iline of planning is the appropriate organizing language for the norma- 
tive 'Ijevel,. -ii. 

/-^n terms of our .interest to introduce in the classroom' human ""settlement 
oriented thinking by means of the RELS design approach, we can use the 
Jantsch schema to make the fol Towing relevant observations : 

(1) The majority of the curriculum materials that have»been. ' ' • 
/ produced so farjail to recognize the 'distinctive character 
of social system design as a result of its belonging to the 
normative level of the hierarchical system for knowledge 

organization. . \^ 

■ . ' > . 

^ . (2) On account of the dominance of the physical sciences paradigm, 
which according to Figure 1-2 belongs to the empirical level, 
^ there has been a bias to emphasize this particular level in 
< . the production of^ EE ccirriculum materials. 
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2 t r.W Scicnct\EdiiC4tion\lnnovaHon SyHem, viewed a mulliccholon hierarchical system. Braiichihg lines between levels aiid 
sublovels indicato po3sible Terms of intcr-^disicipHnary co-^ordinalion^ £^ JdlltSCh)* 
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(3) It is very desirable to try to transcend the logical positivist 
apprbach when dealing with, the social system design level. The 
utilization of the RELS mign approach for EE can do justice 
to the distinctive character of the normative level of the 
organization of knowledge schema. . * 

SCOPE OF T^HIS REPOffr 



This report is -p'roduced primarily in order to link the RELS conceptual ir,.' 
^ zation to a particular core theme, namely the study of human settlements at 
the high school level. , • - , ' 

On the basis of our ^review of existing materials relevant to the study 
of human settlements we have^come to the following conclusions: 

(1) Ekistics is a very appropriate subject for integrating^ 
and introducing in the classroom the majority of 

^ V the concepts and materials that have been produced 

c .... 

by the EE community to. date; 

(2) The RELS design concepts are very helpful in > 
^ . identifying desirable outcomes for EE and 

determining the appropriate combination of ■ ' 

^ ' options that can lead to the achievement of . 

those outcomes; 

- (3) The coupling of Eki stoics with the Concept of the 

RELS can fa.cilitate the teaching at the tiigh school 

^ level of a complex subject master, sucfr as the study 

of human settlements. 
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We believe that the above conclusions, are compatible and complementary , 
to. the findings and recommendations of the Arizona project, some of which we 
revfewed previously. Our alb In the following chapters of this report Is to 
lend credlbllltyvto our conclusions by means of elaborating on an approach 
for the productive and meaningful study of the human settlement cope theme 
The approach and the materials are of an Illustrative character and are pre- 
sented In a format and^ styl-e which will 'eventually render them (after el abora- 
tlon, simplification «nd field testing) useful to teachers and students 'at the/^' 

high school level. We feel, however," the need to field test our recbmiii^nded * 

■ ' « /■'/•/•■• 

approach .t^y exposlng^lt to a group of experienced teichers and/or" curirl^ulum / 
developers. 

Chapter II of the report sets up the stage for the development of sped f1^ 
applications by explaining our approach for the study 'of '^human settlements / 

Chapter III discusses two Illustrative process-oriented Earning tooj« t|»^it 
have been conceptual Izerd as being Integral components of the REUS de^lt 

Chapter IV presents two examples of how some , of pur overall appj^ach to th^ 
study of human settlements can be .Introduced 1nto.^he high^schpol /la^firoom, 

Chapter V examines the eki sties typology, using a systemic yapprbach, 
and makes some suggestions for the Improvement of the typpTog/. It also 
proposes a typology fof^ organizing knowledge relevant to En/ironmental ' 
Education and lests the applicability df this typology by/na.lyzing the % 

* B * 

content of a sample of papers ptibllshed in the JournaV^f^ Environmental 
Education. , * 
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CHAPTER II 
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A FRAMEWORK FOR 
THE STUDY OF HUMAN SETJIEMENTS 



The interdisciplinary^ cooperation P^ich is wide^ regarded as 

fundamental to EnviWmental Educatiy (EE) is difticplt to practice 

in the- classroom not only because Jr the strong discl|i|]ine-oHented" 

nature of our school systems, Ijuji^ecause the subject matter of EE is 

not easily "teachable". Too school system? seem to initiate EE 

programs which lend'^themsel ve/to a diiciplinar'y approach. Most 

/ ■ ■ ' ' . . , * 
environmental, education programs tend to emphasize nature and the 

physical aspects of .the e'cosystem,^ i ,e. , tfjose areas which are, most 



^a1 or 



■ / 



"teachable\along traditional discipline lines, while ignoring man-made 
envirojimeats and the design Of social systems 'su^ as human settlements. • 
» This chapter examines an approach to the s|udy of human settlements 

based on^the introduction of what we call an "inquiry system". -We believe 

■ . ' . •■ 

that the study of human settlements can help to eliminate many of 'the * 
methodological and ^ubject matter problems confronting interdisciplin^iry ' 



environmental education. 



\ 



PEDAGOGICAL APPROACH 



The purpose jbf any organized instructional envirojnment is to facilitate 
learning for the; intended learner. In such a situation it is usually the 
teacher, a groUfll of teachers, Or a curriculum director who. creates the 



learning^experienc^'for the student. In this case the student usualfy 
^as limited participation in the learning* experience. This type of . 
learning siti^ation i^ illustrated tn Figure'IM ,and is referred to as 

Jhe archive approach. 

' . ■ • ■ . 

— teacher"^ 



KNOWLEDGE 



STUDENT 



'^FIGUREII-l. ARCHIVE APPROACH - 

The above diagram represents a closed approach of instructian where 
the teacher is the conveyor of knowledge. , Underlying this pedagpgy is " 
the assumption that the teachers are .the c^ifchive of knowledge and their 
job is to .pas ^ knowledge on to their students. In return, the students 
meniorize what is conveyed and through /examinations the teacher is capablfe 
of observing the students expected behavior, i.e., answering questions 
on a test, thus feeding back what the teacher originally conveyed. 

There is.-another approach of instruction that we feel is more appropriate 
to the study of social systems. It is an open approach which attempts to* 
take advantage of the resources in the comn\uni;ty as'well as the ability 
of the teachers and students to work together in creating a productive 
.learning environment. It can be schematically illustrated by means of the . 

If 

diagram shown in Figure II-2. ^ . • 

^ With this approach experience feeds knowledge and knowledge feeds 
experience. As the students gain more' khowle'dge they will be motivated 
by the catalyst of the unknown to keep open their desire" to learn 
nore. In Figure 11-2, the teacher acts as a " 



18 



4 * 




4 



GROWTH" IN KNOWLEDGE 
- AND UNDERSTANDING OF 
HUMAN SETTLEMENTS 



FIGURE 1 1-2.. AN ALTERNATIVE APPROACH FOR ENVIRONMENTAL LEARNING 

» ■ 



' ♦ guide and a fa^llftator forthe study of tiuman settlements. Instead of 

•■ • ■ 

the teacher belpg perceived as the archive of knowledge. Rather, 
thfough an open approach ,t;o learning the stud«n1;s are guided by. the 
teacher throygh a '^system for Inqi/iry" which gradually leads' to .a greater 
understandlng^and appreciation of a complex set of phenomena. ' , 

I 

• In such a pedagogical approach students can and should learn In* all " 
ways - by 'the presentation of content material (1.e.r, background Informa- 
tlon) means of books or audio visual, equipment, thrdugh thefr^wn 
\ Investigiation, and ^y example. Nevertheless, we recognize- the key role 
the teacher must play In this process. Without the teacher playing a 
central role all the instructional aixis would be useless, 

Essentially through the study of human settlements we hop.e.^|:o tvei^ 
change. the behavior and.attitude of students towards environment learning 
in several »ways, such as: . 

• Recognition^that hurrtar^ al^e int;erdependent with their 



naturai-^ 



• AppreciatioiTMF the Importance of a^hee^lthy and safe built 



environiiient. 

p?^reciat1on of systems thinking. 



• Onderstahdin^ of the need for future§,-oriented thinking and 
research. ' ' 

• Increased awareness of the holistic nature of the ec(Jsystem. 
f Greater ability to understand, organize, and resolve complex 

problems. * V' 
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The major objectives of the pedagogical appr^oach of this report 



are: 



To .encourage a change' 1fi behavior of the learner. 



• To focus learnlng-fn tfie response of the learner. 

• To encourage the change of instruct1oha>J practice. 

• To look at the complexity of, human settlements bj^ means of " 
oi^anized system for inquiry. » - . 



an 



A SYSTEM FOR INQUIRY - 

.<• • • • ■ . 

In order to implement the pedagogical approach discussed so far for 
the study of human settlements, we need a system of inquiry- wh^ch is • 
.holistic, focusing on clarifying the complex relationships which exist 
between human systems and iiatural systems, is 1 nterdi sci pi i narv , uti 1 i zi nq 
information from a variety of disciplines, and^ focused o.n identifying 
problems and opportunities by involving learners in real problems or 
issugis which are broad 'enough in sccipe to.have .l|)cal , regional, national, 
or global significance. 

In preparing materials for the ?tud/ of human settlements in the class 
room^it is useful to think in terms of the framework shown in Figure II-3. 
We Can identify two distinct domains within our system for inquiry. • 
The inner domain as shown in Figure II-3, is what- we call contpnt-specific 
infonnatipn. For the study of human settlements the content-specific infor 
mation should include ideas from : (1) general systems ^theory, (2) futures 
research and^ (3) Ekistics, or the science of human .settlements.^ these 
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fields of knowledge will, give the high school students the necessary i, 

.backgnaund information wMch, together with ;^heurist1c techniques for exploring. 

■ ■ ■ :^ ' 

jcompl 6)^ -systems., 'will allow them to organize^ the complex phenomena 

. '■'->'■' 
relating to human settlements. The second' domain of Figure II-3 displays • 

the role of educationalvheurlstic tools such^as' Interpretive Structural 

Modeling (ISM) and Nominal Group Technicuje (N6T), in deriving models 

(or representations) displaying theif perception of the relationship . 

between different aspects- of human settlements, By linking together these 

two domains, the classroom teacher has at hi§ dispola.l a "sy^em for 

inquiry", or a learning system. The cUss can thuj^ generate structural 

models that contribute to greater understanding of the complexity of 

r ■ , . " 

phenomena relating to human habitation. " 

Recognizing that humdn settlements are very complex systeiW we "want 
to stress three things: (1) that in the undersJ;*ndTng of the environmental 
phenomena "systems thinking" 1s absolutely essential, (2) that system ^ ^ 
thinking Is^represented .by means of the content-specific informatibnxOf 
the framework . shown in Figure 11-3. and (3) that in order to better und^r- 
stand the compTexity of human settlements we hav^ to use educational 
heuristics technology as represented by such techniques as^ ISM and*NGT. * 

" CONTENT-SPECIFIC INFORMATION 
The effective presentation of content-specific Information is essential 

» • * 

If we are to successfully fulfill the objectives identified In our pedagogical 
approach to th^.^tudy.iof human settlements. 
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■ ■ ^- ■ I. , • . • ■ 

^ ^ . *. ' Ekistics . - . . ^ 

Ekistic? Is d term Invented by an Architect Planner by the name ' . . " 

of C. A. Doxladls. to describe the science of human settlements*.^!^ 
Recognizing that the stuc^y of human settlements Is 'an interdisciplinary " ' 
topic Involving such disciplines as biology, psychology, economics, 
sociology^ arcKitecture, etc., Doxi^idis advanced the notion that a new ' ' 

science was needed-for the systematic understanding of phenomena relating - 

to settlements. For example: * ' , 

' ■ . V' ' ■ "I ' ■ 

• In the.U.S." the phenonienon of urbanization has been an ' ^ 

ever increasing trend for the last forty years; 

* " ' ■■ . , 

• The -U.S. wa^s^ transformed from a country that was 

' 60% ruraL in 19Qa^td. one that was 70% urban in ' 
^ 1970; ^ • . . • 

:. f Large -urban areas (megalopolises) experience \^robleifis, \' / / 

of congestion, pollution, poor quality .public services', ° . 

etc. ; and . ^ • ^ 

• Empirical evidence .seems to indicate that the publi-c. 



policy mechanisms being used f^r. revitalizing the - ■^ " 

American cities s\^re not worj^ing. » / i ^ 

Phenomena like the ones mentioned above prompted the invefttion of the science 
of human settlements. ^ -.f'y^rr:^ ^ 



Ekistics organizes all knowl^ge re levari t to human settl/i^ents accorditig^^^^ 
to five basi? elements: Mature, Arjillropos (man). Society, Sljfells, and Netw.ork|".v3 
The<te five broad categories, together with a categotry corresponding to the " 



■A. C # . ^ . 



\ 



synthesis of the five elements, fomi:: the ba^is, fo> understanding, 
expfarining, and )3redicting human settlemerit phenomena. The linkages 

among the five Ekistic elements are graphically represented +n the 

. ■ • . '■ ' ' • . . . ' 

following diagram: ^. 



SHELLS 



ANTHROPOS; 




NAtURE 



A descriptipn of each (\ne of the .elements foUows: . 

(1) . Nature : ThiV category reprfesente natural rfe^ource. 
ecosystems and their structure and behaviar. Included 
here are such things as land resources, air resources, 
water resources, and plant and animal life. * 

(2) AnthropQs : This -category represents humanity, Ss a system 
with an emphasis on those aspects which make up the 
individual and group image about a setting. This 

^imag^ csin be; viewe^ in direct interaction with natural 
systems on physiological and psy\:hological levels. * 

(3) Society ; this /category represents the territorial 
organizatipn of human settlerffents based on the daily ' 
movements of people. ^.This movement can be viewed In 
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terms of. the Interactions of human \lJhst1t,ut1ons. (economic, 



po?1.t1cal, and social) with natural systems, with an emphasis 

on the creation of laws arid regulations.^ 

- t . 

;,(4)' Shells : ' This Category represents those struc|:ures built by - 

humanity to satisfy the various needs of individuals and- 
, society. , . , ^ 

(5) ' Networks : Thts final category represents* those dynamic elements 
^ ' , ' ■ . ^ •■ 

which ponnect any or all of the above categories, through the 

• "J' 

movement of energy ma1}erials,*iind injprmatlon. 

Within each one of the Vlements^ Ekj sties assun^ lihe following subcategories. 

• ... ' 
• Nature (Na ) ' " 

— '. — ' 

Iv Environmental apal'J^sis 

— 2, Resource utili^atipn ^ * . 

' . ■. ^ 

3. l^hd'use, landscape ' 
I 4. Recreational "areas 
Antbropos (M ) ' v.' 
1. Physiological needs ~ 
2. . Safety, security 
3.^ Affection, belonging, esteem . 



4» • 



4. *.Self-real<iiati on, knowledge, aesthetics. 
Society (S) " 



1. PubVic admlnistraljion, participation, and law 

cial relations, population trends, cultural patterns 



3. UrEan systems and urban changt 



4, Economics 



Shell (Sh) \ V , • 

4 

1 . Housing / • - ^ ^ 

2. Service facilities: hospitals, f1re^ stations, etc. 

3. Shops, offices, factories ^' ' 

4. CultMral and educational units 7 

Networks (Ne) ' . a . 

1. Public, utility systems: water, power, etc. 

' . t - 

2. Transportatlpn systems: road, ra^ll , a1r • 

• • • •> . ■ ^ • ■■ . 

3. Persona V and mass. communication systems ^ 

4. Computer and information technology ' ' ^ 
. - Syrrthesi^r .Human -Sett >etneTTts (liS^y * 

1 . ' Physical planning ' , . 

^ . '. . . . ■ ■ ' 

2. Eki Stic theory / ^ . ^ • . 

■ - ^ -.■ _ ^ ) 

In addition to the f4ve basic elements, .^kistics Introduces an organiza- / 

t'ion of the geographic space by means of twelve communities extending from 
the scale oi* the dwelling group to Ecumenopol is, lite universal city. The . 
five elements and the. twelve communities are graphicalJy represented by mei^ns of 
the modified ektstic grid, as shown in Figure II-4*. At each-,, community scale 
an assignment has been made of.an approximate population- size. The pppulation 
Size has been estimated according^to the ekistic logarithmic scale whi^ch f 
corresponds approximately to powers of seven (7). That in a ^mall neighborhood 
contains approximately a population -of 250, wKil'e a^Megalopolis, such as the 
one extenciing from Boston to Washington, D.C., is estimated to contain 100 million 
people. These magnitudes are meant, to be indicative of the size of the twelve , 

generic type communities assumed in the taxonO^iy adopted by the science of 

' ■ .1% 

Ekistics. These 12 entitles, or communities, will be shown to be very useful in 

r 

our attempt to organize and study'the complexity of human settlements. 

VTn Chapter V of tMis report we analyze the unmodified ekistic grid and relate 
to thi organization of knowledge relevant to Environmental Education. 

I2u 
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Future^ Research ~^ 

' * , i / *' 

Another Importarvt component of our system of Inquiry centers around the 
concept of time. In vjew of the fact ^ha^: most contemporary educators were 
reared'and trained In natural and conceptual w^^rlds which, are constantly 
changing. It Is not surprising to find tha't most high school currlculums are 
geared more to the past than to the future. Unfortunately, this emphasis on 
the past has cultivated an educational environment that Is mainly concerned 

4' < ■ • 

with exMsIng students to outdated concepts rqther than teaching students 
how to Tmaglne alternative futures. 



Prior to the 1960's the rate of change In society wa§,^ry slow. In such 
an environment It was understandable for teachers'; to assume that the future 
would be „a simple extension ofHhe past. With a world that was essentially 
static and experienced very little change, a well developed memory system 
seemed to be the most Importanjt product of a high school education. 
However, with the shift from local to global perspectives, from a world 
which was relatively static to one which Is dynamic, from Independence to 
Interdependence, and from unrestrained growth to restrained growth concerned 
with the. quality of llffe facing all humankind, the secondary education currl- 
culum can no longer afford to remain "stuck" In the past. Rather, If students 
are to successfully cope with the problems of tomorrow, schools must Initiate ' 
courses in the ftudy of alternative futures and encourage futures -oriented 
thinking. Instead of relying mainly on memory, something a computer can do 
better,*" tfle high school curriculum should be .Incorporated with a philosophy 
that accentuates how the past and present will be differe'nt from tomorrow. 



Today the schools must develop students that are self-propelled, self-"- 
directed, 'flexible and imaginative, capable and prepared to engage in the 
dynamic* interdependent, and^coinplex world of the future. 

To be sure, we are not suggesting that schools stop educating about the 

> 

past and present. We recognize the importance ofi(how a thorough understanding 
bf the past and present can help to develop a greater sensitivity to tomorro\^ 
Essentially, our intent should be to encourage students 'and teachers to 
develop a futures-directed timeframe, through a sharing of their various 
beliefs and views of y^hat the future my be like. 



systems Theory A 



- General systems theory is essential in the study '6f human settlements since 
it can be used for integrating the knowledge from the various discip/ines as 
they i;elate to the five basic ekistic elements. Systems principl^and 
methods have the distinct advantage of being highly transferable from discipline 
to discipline. In addition to beit1| transferable horizontally, i.e., between 
disciplines, they can also be applied vertically, with differing degrees of 
difficulty, through the various grade levels of schools. 

According to the science of ekistics there are two system concepts that 
are particularly relevant to the study of settlements. 

The first principle relates to the observation that human settlements 
are considered to be complex hierarchical systems. This means that a human 
settlement is Assumed to be^ composed of many interrelated subsystems each of 
which is in turn hierarchical in structure. For example, a ftetrppolitan area 



'*1ike Washington] |.C. 1s iewijiosed of many small towns whliih- 1n turn ar^ 

composed of neigjh^rhoods, and\^ on. ' / * ■ 

• • - ■ '1 [i ■ ■ \"'' ■ ' ■ ' 

Furthennprel In such systems the whole 1s more than the sum of the parts 

in the sense tha|,i given the properties and the laws governing the operation 
of the parts, 1t^i$ not a trIvlalXmatter to Infer the' properties or operating 
laws of the whole. This iDartlcular .characteristic of human settlements I, 
Is .critical In the practice of the system of Inquiry advocated/by our . 
approach to social system design and study. There is clearly a lot of %now- 
Udge that needs to be discovered by the student through his or her personal 
and experiential investigation of a specific human settlement and its sub- 
systems. '* * 

The, second principle is that human settlements are purpo'seful systems. 

r S 

According to C.A. Doxiadis, the purpose of a settlement is to make its 

Jr . ■ 

inhabitants safe and to help their human developufent, " ^ 

, * ■ # 

' ' Policy Perspective . 

. < • „ ■ ■ * 

Another principal component of the system of inquiry is that of a* 
policy perspective. - 

There are numerous, definitions of policy. All of the defini'tions basically' 
Imply s6me form of human intervention in the behavior of a system in order to. 
enhance Jhe probability of achieving desirable ends. Since, as we stated 
previously j human settlements are purposefu] systems, the exploration and 
assessment of alternative policy interventions is obviously ^very important. 



< According to H.D. ^Usswell , the ifian who is credited as the' inventor of 
policy sciences, there are three dimensions tbat needsto^e considered in 
a policy-oriented study of human settlements, namely: (a) contextuality, 
(b) problem-orientation, and (c) diversity of methqds.^^^ 

' Contextuality means that the studentjS visualize their choices in the 
light of a .larger social context „that goes, beyond their individual needs. 
This dimension basically captures the systemic nature of societal probleiti- 
solvincf. Depending on the problem situation the participants/students 

' ^' 'J' " ■ ' ■ V 

will have to explore 'in alystematic manner vari'ous aspects, such as values. 
Intuition, , resources, space, and time. • 

The second dimension that enters the study of human settlements from th^ 
policy perspective is the 'requirement for a problem-orientation. The student 
must try to deal with the complex nature of interdependent problems by 
recognizing that: (a) most problems of polic/-relevance have ramifications 
"across many disci prlines and social sectors, and (b) societal problem i^enti- 
fication and resolution "demands a sensitivity to thjp particular cultural^ 
situation. 

The five important steps involved *in the problem-orientation dimension 

are: i^,^ / 

■ . I 

Step 1 : Goal clarification : What are the desirable future 
states of the entity under study? What are the ideals and 
aspirations of the participants to the social process model? 
Stop Z:- Tr end extrapolation : What are the probalMe future states 
on the basi^ of measurable, identifiable trends? 



" . step 3; Kobi em Identification ; To what extent have ()ast and 
present /trends and events approximated the desirable att[ernat1ve 




futures\ spelled out under Step 1? Note that problQm(s) are defined 
as' the^iscrepancies between the desirable futures and the probable 
fbtures'. . . i ' 

Step 4: Analysis oV conditions ; Whfttjlcausal factors have conditioned # 
^)the direction and magnitude of the trends described above? ♦ . . • 

tep'5: Invention, evaluation, and selection of arlternatives ; If 
, current T)ol^icies are continued, what is the. probability of goal 
achi|vement? What alternative strategies and programs will Increase 
the likelihood for the realization of the desi'irable futures? ' 
.The third dimension of the. policy perspective that needs to be built into 
It curriculum for the study of human settlements is the need for a diversity of 
methods 'oriented towards collective inquiry. Depending on the classrobm 
situation and needs, different methods might need tcj^be employed. For example, 
such methods as ISM and N6T will be described in Chapterlll. However, 
there are other methods such as scenario constrijiction, computer simulation, 
and the like th|^ can be very useful, in the study of human settlements. 

Figure 1 1-5 represents an attempt to integrate in one framework some j(f 
'the main steps of a policy planning situation based on; percept ior*» thought. 
Intuition, vafues, and feelings. A proWem situation, depicted in Figure II-5 
as a discfejancy between a "probable future" and a "desirable future",' becomes 

Interesting'' for study only if the difference between these two futures generates 

< . ' ' ' 

a state of dissatisfaction (a feeling) for a student or observer within the 
context of a particular reality perception. . D1ffei«*)it^servers may, and 
usually db, perceive a situation differently*^ The role of perception is to 
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provide the Information on which 1^ base the derivation of probable and 
desirable futures. A solution to the problem situation 1s a course of 
action defined by means of. policies and instruments for implernpntation. 
The selected course of action is based on intuition, thinking over the 
alternative choices, and prefer*ences (values) about the most desired 

^ ■ • ; , r 

I ... 

outcome. Finally, pi art'ninq and ^anticipating the consequences of actions 

4 

is a continuous" process with each choice of action feeding back and 

' **' ■ ' ■■ 4- " .- ■ 

generating a new planning situation in a continuous stream. 
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CHAPTER III 



TECHNIQUES FOR GROUP 
DISCUSSION AND INQUIRY 



In this chapter we will present, some of the essential ideas relevant to 
the use of techniques for collective discussior] and inquiry in the cl|ss room l^or 
the purpose of teaching the science human settlements. Before we 
embark on our^discb«sion of these techniques it is appropriate to consider, 

* ■ 

what we mean by .a model and how the techniques can be implemented in the 

★ ■■ ■ • • • ■ ■ . '- 

classroom for the .construction of models. 

' • ■ ^' " . 

MODELS 

% \ ■ ' 

A model \s an image or a simplified representation of something in the 

real world. Mehtat models a(re .fotined through our experience, knowledge^ and 

intuition. The f^ation of models helps us toe (a ) understand our perceptions 

about certain things^^^ound us, that^is, about its parts or features, and (b) ' 

q(Gr beliefs about how th^ parts are' related. ^ . 

It is "important realize that a model is a simplified version of ^ 

something. It does not incluVaH ^^e details about a particular area we 

might be studying. Rather, it inXludes those elements or parts that we deem 

essential for dOur particular purpose.v Therefore, a model makes it easier 

' \ . » 

^\ ^ ■ ■ ^ 

*Most of the material dealin^with the ex^anation of the Interpretive 
Structural Modeling technique has been extracted from Usi nq Computer Model ing 
in the Classroom to Examine Environmental Issjies ; University of Daytcfn, ly/B. 
The purpose of Including portions of the Univeysity of'D^iyton effortMs to 
demapstrate the feasibility of developing a comj^rehensive user-or1en\ed reader 
for the stuc(y of human settlements in the classroom. 
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to thi-nk" about and work v^lth complicated ^situations or in our case a highly * 
interdependent and complex sub|6ct' matter such as human settlements. 

' Through 'the use of models, relatively less 1mportan1;/ch^^racter1Stic$ 
of a siti^ation pr object can be set aside while ttie teacher and students 
examirvd. th^ more vital aspects of their Inquiry. Dnce the initial aspects 
have been grasped ja more complex pr realistic model may be developed. 
' --^ The reas^n^e. progress from mental jodels to models built through 
words, ">Tvmb€TsTor diagrams is that: ' ' 

• Mental models may* be in&ccurate or 'incajlplete^ 

• Mental models may be inconsistent; 

■ . ^ ' ' ■ . . . 

• Mental mgfdels may contain too many elements, or pieces- ' 
of information to keep Straight; and : * 

f It is -difficult for persons to communicate accurately 

their mental model to other people. 
' ■ ■ ■ ' . • .. ^ . • , . 

• Finally, it is important that we appreciate j;h§ difference between 

quantitative apd qualitative models. Sometimes this difference is referred 

»• ■ ■ . 4k . 

to as the distinction between arithmetic and geometric models, tssentlally 

a- quantitative model (arithmetic) is a mathematical model which often uses a 

computer program or «f formula that can use measurements or numerical data as 

certain variables to make numerical predictions or fprecasts for future ■ 

situations. J.W. Forrester's systems dynamics modeling is a good example of . 

a mathematical model.^^^ This method was adopted and used 1n*a Club of Rome \ 

• ■ ' 

project studyjng population and growth* which was published in a book entitled, 

"(2) • • 

The Limits to Growth .^ ' This controversial study examined data on world 




j*|pulation, growth rates, food supplies,, pollugon growth, and'predicted a 



rather darkened picture for the future of manklrni within the' next 100 

. . . ■■■■ ; ■ 

years. r , ° . 

I- 

However, the computer model used in ojne.of the techniques .for inquiry 
described here does not require quantitative data, and it does not produce. <• 

*♦ ■ . • ' 

a numerical model. *It can produce a qualitative (geometric) niodel that 
reflects the accuracy of the modelers perceptions, -and can be used to J* 
des,cribe and interpret, a present or future situation. 

« ' ...» 

' INTERPRETIVE STRUCTURAL MOOaiNG [ . - • - 

The final.product Of a class exercise conducted with the use of the 
Interpretive Structural Moduli ng^techni que is a geometric modef.^ It ; 
graphically represents the views of its creators (in this case, the teacher. and 

• « 

/ . ■ 

the students)- It helps to look at the parts of a problem and the way in ' ' 
which those parts are related, and draws a diagr&m tojrepresent the geometric 
Structure that results from the relationship amo^ig the parts. It is an » , 

■ ■ x» ' . * 

interpretive- structural model because it reflects Its creator's interpreta- • ^ 

- ■ . ■ ^ ■■ . ■ • \ ■• 

,tion of reality. Thus the process by which one creates such a model, is called , 

' I. ' .'.■/■■--" 

Interpret I've Structural Modeling , or ISM for short. ' *^ * 

For instance, the-students could write out everything they think is ' 

■ a cause. or result of the energy crisis > aii^d every' way that thay think our 

' ■ ■ ■„ ' ... , . 

lives will change as a resuYt of it, and everyt+iiqg -.the. students think should-be 
done about it. each' student were then to draw'arrA^s. frjom one cause to all ' 
Its effects, a smaM part might look 1 ike ^'th^s:... ' ' 



Decreasing 
supply of oil' 



ItKreased reliance 
on, solar f energy 



\ 



Increased 
^cost af fuel 



f 



.wh?r6 the arrows represenV.causality, and. lo «nd hBhoia:., they would have 
created an interpr^tivK&t»fU5;tural njode/Kwithfout everv kr\owing it. 

To create this i n't'erp;^8^ive structural rnodel of -the energy crisis, ■ 
^ the students .had to reiy;^|i^^cts at their command and their ytJl^^t- 
^ undfirstandfng of world econ\^tcs> government intervention, confer attitu^les, 

T«He important point here f s that through the ISM process, students and ^ j 
\ teachers are able tor share their particular knowledge about aVparticuiar - 
subject; whi le at the same ..time, theV^-learn from on e another. 

• ■ * • 

; That is where model building, apd in particular Interpretive Structural 
* ;Modeling, comes into play. When plople build a model together, they. have a 

chance to: 

.-04 

• / #- share their ideas ' 

' ^ improve their understanding o^the situation being modeled, and ' 

*^ , " • correct false' impressions. v-v 

^ ' ' '■ ■ . ' ^ ■ . / " ' ■■ 

^ A good model improves* our understandif^^ .of a'situation an^elps us communi- 
cate that knowledge toothers. V^' ' 

Interpretive Structural Modeling can best beutilized when the subiect 
matter or issue upder study: ^^can be. broken down Irita its component parts,. When, 
the .class systematical Ty examines how these parts, or "elements" as we will 
.^«rafer to them,, are related to one another, then the essential elements of the 
issue become clearer and the relationships amo'ng them.are more.explfcit. " 



The Use of a Computer 

' . • ' " . , ■ ■ / ■ ■ 

A computer wIlT need to be employed to hell) th^teaeher help the 

class with the process of constructing a model, Computers cart bt made 

to do very complex things; however, It Is Important to recognize that 

they cannot do anythlr^g tha'i a human has not Instructed (programmed)^ ! 

them to do.. c ' - i 

Tq^Jielp with our discussion let's stick with the^ergy crisis as an 

examplei^of how the computer can aid us In ouf work. If you want your class 

to study the energy crisis, you mlght well consider the problem from the 

.standpoint of cause and. effect. If the class were then to list aH the • 

causes and effects of the energty crisis that they could think of, they 

would produce what Is called-^an "element list" In the language of Interpre- 

tlve Structural Modeling. Later on- in this chapter we will discuss another ' 

ffechnlque which is very suitable for generatlng^a list of elements, namely 
* •\ • 

the Nominal. Group Technique (NGT). 

- * ♦ ■ ■ 

, " The next step would be to consider Jiow*each of the ele^nehts Is related 

to.,each other. element. -'Thf^- Is done by selecting a relationship by whMch 

to examine them. Since the class Is considering causality, the. teacher might 

choose the relationship (which 'Is always posed as a question): "Does Element 

A cause Element 3^, In our imaginary situation, the symbols A and B might be 

replaced by the Element 1, decrease supply of oil, ^ind Element "2, Increased 

conservation. The Question then would read:' "Does decreased supply of oil 

cause Increased cohservation?", 

The answer to each question must be " yes" or "no", depending on what tfte 

diss decides by majority vote. AH possible pairs of elements «are compared 
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by this method,. and this 1s where the computer comes In, The^computer Is 

programmed so that* iKan element list and a relatloriship In the form of ,a 

question -are fed Into 1t» 1t will then substitute each possible pair of 

^laments Into the question and'print the question on paper or on a TV * 

monltpr. So the first reason- for«us1ng the conjputfer Is that It' writes out 

each question for you» and saves yOu from having to put each pair of 

elements on the blackboard.' 

The seconxl reason Is that the computer reduces the fiumber of questions 

•that the class must answer. For example. If the class decides that "A « 

relates to B" and that "B relates to C% the computer, by a prlnclplQ^ 

^^knownvas "Inferential logic", has already been programmed to infer tiiat "A 

relates 'to C", and it will not ask that ques:^1on. The, manner in which it is 

programmed to do this is somewhat complex anji does not rjpally concern us at 
"> , ■ ' 

this time. •• 

Pl*ann1ng and Conducting an Interpretive 

'structural Modeling Exercise . " \ 

Prepari/iq a Lesson Plan ^ 

• ....... - •« - ' 

The first significant activity that the teacher must un-dertUe for an ISM 

exercise is to draw up « lesson plan. Table 111*1 .sHows a sample lesson plan that 

has been developed by a group of researchers at the l^yersity of Dayton . - ' ' 

in order to be used in a four week high school, (grades 11 and 12) World 

Problems class. The topic for this lesson \^as the effects of world 
population on the globai env1«ronment, with an ov^alf goal of:J^ping the 

class to understand the environmental aspects of world population growth. 
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I f ' 

In terms of the eMstlcs grid described 1h Chapter 11 this lesson plan 

corresponds to a problem structuring exercise at the level o1J| Ecumenopolls 
..I.e., the Universal city. Table III-l Is Intended to demonstrate how. ISM 
' Planning -may be done. Planling the lesson simply means that the teacher 

determines: ^ ' 

,■ ; ^ ' I ^ ■■ 

• what Is to be accomplished 

• how to achieve It*, and' 

• how to know when one Is successful. 
The yarlouf aspects of Table III-l are discussed In what follows. 
Objectives * 

Essentially in the objective phase of , the ISM exercise the teacher is 
striving for the students to: * . 

0 obtain' information on particular aspects of world population 

• become farffil iar wit^li roodffTing-in general ' 
t identify the elements of the problem situation 

examine relationships among the elements 

• create a structural model based on that relationship. 

Vhi s means that the* students vfould move beyond specific knowledge of facts 
and trends, which should enable them to analyze the elements and the 
irrelationships between the eleTnents. / - 

Activities ' ' 

T^he activities column lists the specific classroom and homework actiyities 
that would prepare srtudents for modeling and take them through the exercise. 
Jhe lesson woul|d end with ^n examination of the model's, ijnpli cations. This ' 
portion of ourpxercise refers tp both physical activities involving the 
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TABLE UM: Lesson Plan for Modeling Ekercise at the Ecumenopolis Level. 



OBJECTIVE 



ACTIVITIES 



EVALUATION 



1. Student will correctly 
answer X% of questions 
on knowledge and 
comprehension of 
required reading. 



Students will be assigned 
to read articles in 
Newsweek. 



Written test on content 
of required reading. 



2. Student will be able 
to write a definition 
of "model" in his 
own words 



Teacher will introduce 
class to modsj^ in 
general and ISM in 
particular through a 
trivial example.. ' 



Test question requesting 
student to write a 
definition of "model" and 
to name some examples. 



3. Student will be able 
to answer yes (/Y) 
or no (/N) to video- 
screen question. ' 



Students will enter 
class conserjsus on 
terminal , as i{istructed 
by computer technician. 



Teacher's observation of 
students at terminal. 



Given a trivial example, 
student ^wi 11 draw a ' 
digraph without computer 
assistance. 



Class will construct a 
digraph for the example 
used in class, using 
computer output. 



\ 



Given- a simplistic example, 
similar, but not identi- 
cal , to that demonstrated 
in class, the student. will 
draw a digraph illustrating 
the. given. relationship. 



6. 



Given a current world 
problem or c urre nt event, 
student wiJ>idenlJ<fy 
parts ('Elements) of 
the whole (problem) 
for further study. 



Discussion of Third 
World growth and * 
devielopment (initiated 
and led by the teacher) 
will give students 
practice in identifying 
elements ahd examining 
their influence on the 
problem of growth and ^ 
the environment. 



In answer to a written 
test question giving a 
similar but different 
world problem, student 
will list in his ov^ 
words n of the elements 
described. 



Student will relrognize a 
relationship among 
elements as distinct 
from the elements 
themselves 



Teacher will guide 
class in selection of 
appropriate elements, 
by discussioh of ele- 
ments in general , 
e)^mples of various 
elements tTiat /could 
be used, etc.^ ' 



Given a contextual explanation, 
of a real or hypothetical 
problem and a list of possible 
eifents to model , student 
will select X% of correct 
(appropriate) elements,' 
rejecting the irrelevant 
ones. 



7, Student will cecognize 
different kinds of re- 
lationsiilps among a 
' group of elements.^ 



— 1 ^ ^ : 

Teacher will guide 
class in selecting 
appropriate relationship, 
by discussing relation- 
ship in generail, examples 
of various relationships 
«hat could be usetf, etc. 



Given a contextual explanation 
of world problem, including 
two or more relationships 
among elements, fetudent will 
pick out n of the relation- 
ships. < ' 
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T/^LE III-'l (continued) 



OBJECTIVE ' ACTIVITIES EVALUATION 



8. Based on what he knows 
already and new facts * 
and opinions put forth 
during class discussion, 
student will evaluate 
' elements two at a 
time with respect to ' 
a given relationship. 


Student will answer yes 
' or no to questioT) posed 
by computer^ and deferid 
his choice when challen- 
ged by cl assmates or 
teacher. 


/ Student, wtlt^orrectly 
answer yes or no- to X% ^ 
of questions on test 

, similar to those *that 
the computer would pose. ^ 


9. Given'individual or 
group actions in one 
country, student will 
" identify potential 
envi ronjnental conse- 
quences outside of that 
-country, " 

♦ 


During, ISM modeling 
session, students will 
discu^-s such topics. 
If they do not arise 
spontaneously as a 
result of computer- 
prompted qiRtions, 
teacher will int;erject 

them as appropriate, 

. ■ , , ■ ^ , , 


Student will correctly 
answer X% of written 
test questions on local 
activities and their 
globral effects. 


10. Given a model such as 
- those developed and 

u 1 duu^ocu 111 \#iddP| 

student will pick 
out key elements^nd ' 
discuss possible (KDurses 
of action. \ 

■ ■ 1 , . 


At completion of ISM 
session when class has 

\. 5LrUv.LUicQ inUUc 1 , 

\ teacher will lead ' 
\ discussion regarding 
\ ©the relative, impor- 
tance of the elements, 
and class will determine 
one or more possible 

courses of action. 

> — .1 , ■ 1 if. 


In answer to a written 
test question giving an 
interpret! ye otruc tura i 
Model , sfuHent will 
select 1{% of key elements 
for implementing change 
' and defend those chosen, 

• .».'■ ■ . , . , 1 ■ 1 ■ 1 



|COin|iuter and its output, and the type of discussion that should occur during 
this phase. As the teacher Is able to adapt the ISM exercise to fit the class- 
room' needs, he/she w'111 develop variations of these activities.' However, the 
procedure to be followed in conducting the ISM exercise remains fairly constant: 
research, specifying elements- and a relationship, structuring the model, a^d 
examining the results. 

Evaluation ' ' ' ' • 

The third column in our lesson plan format refers to the evaluation 
procedures the teacher should -follow to determine whether the objectives had 
been achieved. For each objective, we have specified how the evaluation was 
to be conducted, e.g., wrl,tten test, observation, or type of question. ^ 

t 

= ' NOMINAL GROUP TECHNK)UE \ ^' ^ ' 




The Nomirtal -Group Technique can be used in a, cla^^oom setting^for the 
purpose of generating Ideas relevant to a parti^cular problem or iSsue. The 
technique is particullirly helpful in Identifying problems, establishing . 
priorities, and exploring .actions to be taken for resolving problems*. It 
works . particularly wen in smaLl group meetings, usually Involving up to ten 
participants and in situatldns where theije is uncertainty concerning the ^ 
nature of a projjlem. In ^ese situation^ it is very desirable to generate 
ideas from many different points of view and to try, through a Systematic 
procfess, to neutralize the, effect of certain participants eliminating the 
grpup discussion. , ■ \ 

The principal results of the appHpation of the NGT process 'In a classroom 

setting w1 11 be: • » 



mus 



• • A list Of ^Ideaa relevant to a proble|irf\s1tuat1oni * 

• # more thorough understanding of t^le Icliijas generated ^ % 
by the group throi^h <|iscuss1on' and clarificatkrfif^ 

*• A preliminary prioritization of these 13fea^ according 
to a specific relati(in; and \ 

^ • An opportunity for ^ach member of the class tp relate to 
the group generation of Ideas and to feel as Wing part 
of the output. ■ - 

• . Application of Technique ' 

The first requirement for applying the techniques is ^that'the group 
t recogni^§^the need ^o generate a' set of Items, or ideas, concerning 

a particular issue or problem. The teacher should act as group leader 

• ... ' 

and must make sure that the ideas are generated according to the specifica- 

tionSi of the technique. Tfie/major process requirements are: .-^ 

• Silent generation of ideas in writing by individuals 

^ * « . . 

in response to a carefully prepjqred trigger^uestion. . * » 
. f Round-robin recording of ideas in which individuals 
present one idea at a time. 

• Serial discussion of the resulting list of ideas for \ 
clarification. 

• Voting on the' priority of generated ideas. 

A diagram depicting the various sfeps of the process -^s shown In Figure III 
1, The diagram dep4^ts tfe sequence of operations from the initial statement 
of the issue or problem to'the final list of the prioritized set of ideas. 
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Figure III-l: NOMINAL GROUP TECHNIQUE 

Faced with a need 19 generate ideas related to an 
isslje or probfem, faciliile« are obtained, a group leader 
selected, and a group familiar with the Issue chosen. A 
simple trigger question is carefully phrased by the 
group to stimulate the formation of individuaf lists- of 
ideas. One; by pne, each individual presents en Idea for 
discussion until i all Ideas are presented. Individuals 
rank ideas according to relevance or usefulnes>s and 
these rankings are combined by d Voting scheme to 

produce a final list ol ideas ranked In order of 

importance. ||^ 4 
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As mentioned in the previous section the Nomtaal Group Techniqij)b*^an be 
^jsed in the classroom together .with ISM primarily for the purpose engaging 
the students -in an idea generation se^ssion. Following this session, the 
teachfer with the help ef a trained computer technician can facilitate the 
development 0|f a structural inodel by the c1as| through the utilization of the 
ISM technique. ' 
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CI%TER IV 



THE INQUIRY SYSTEM APPROAtH TO THE 4 
.STUDY OF HUMAN SETTLEMENT PHENOMENA 



In this chapter we will present two cases of how \he learning 
system we have discussecl*can*be introduced into the high school classroom. 

pur first case will demonstrate ho^/ the teacher and students cbuld 

" *' ■ ■ • 

initiate their first exposure to an application of the policy perspective 

for larlf use planning at the regional level. The second case will 

demons tr^^ how the teacher and students can study a problem situation 

« \ • ^ ■ , 
at the level of a large metropolitan\area like Was)i1ngton, D.C., or 

Cleveland, Ohio. . n 

These two cases are being presented jiot because they shed great 

l^ight on the complexity, surrounding the study of human settlements, but " 

primarily because they will illuiiinate how the learning system approach 

we he^ye presented 1s applicable to the present high school curriculum. 

, \ ■ ... : . ■ ■ ■ . '\ . 

\ CASE t)NE: THE EGYPTIAI^ DELTA REGION ^ 

^. : . . ■ ■ ' ^ 

Before any significant activities could take plaice in the classroom, 
the teacher or team of teachers would draw up^a lesson plan for the implementa 
tion of th^ policy perspective process. The lessOn^plan (sie Table IV-1) is 
divided into leskon objectives , ta ctivities for students to undertaker, and 
ways to evaluate the different activities th^t take place in the classroom. 



The overall objectiv^e of fthis particular lesson plan ts to demonstr&te how 
modification of land-use pa^tterns can lead to unanticipated environmental 

A , . • ' . I , 

problems. , > . 

■ ' \^ , ■ . * 



TABLE IV^l: 



EXAMINING UNANTICIPATED CONSEQUENCES "OF LAND- USE 
MODIFICATIONS 
I 



OBJECTIVE 



ACTIVITY 



EVALUATION 



!♦ Students will become 
familiar with land 

' ; use problems in the 
Delta region of 

Egypt. 



Read p. 13-17 
article entitled 
-Iwe-Rivers. 



Individual presentations 
reviewing perceptions 
of land use problems. 



,2. Students will deter- 
\ mine What human settle- 
\ment element is under 
s^tudy. 



Review 9 major 
ekistic elements. 



Groups discuss what 
pr1mary"ekistic elements 
are being examined, and 
why. . •; 



3. ^^ Students will deter- 
mine the appropriate 
"community scale" 
being investigated. 



Review modified 
kistic Grid. 



4. Students will develop 
a list of problem 
elements contritjuting 
to the decline of 

' agricultural production, 



-it- — — 

HQT led by 
/ te,acher to help 
• glhoops Identify , 
important elements 
contributing to the^ 
problem situation. 



Each griup selects the 
ek1st1c\nt1ty they feel 
is most afJtJropriate for 
study. 



Given reading materials 
similar to T*7o Rivers ,' 

students wlTTgenerate 
the important elements ' 

of th^ problem situation. 



5a. Students will under- 
stand the dimensions 

' of policy science and 
begin the 5 step 
problem-orientation 
. process. 



Review materials which 
Introduce the various 
dimensions of policy 
sciences. 



.Groups will present their 
interpretation of policy 
dimeilsions and be able to 
list the 5 steps of 
problem-orientation. 



5b. Goal clarification, 



Based on the list of 
problems, or the 
student's perception 
of reality, each group 
will list desirable 
futures for entity 
ui3,der study. . 



Teacher will discuss with, 
each group why they 
selected their particular 
list of goals. , . 



5c. Trend 'extrapolation. 



Each group will extra- 
polate potential 
' economic, social, and 
political trend 10 to 
^20 years into the 
future. 



Instructor could present a 
similar case to detennine 
if the students have, learned 
how to extrapolatje tr,ends 
for this case. 



mm 
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TABLE lV-1: EXAMINATING UNANTICIPATED CONSEQUENCES OF LAND USE 
MODIFICATIONS (Contlnijfe) 



1 vn. . « 



Sd; Problem Wentlfi cation. 

^ ■■' ■ 

. % • • ' • 


Each group will review 
problem list and 
develop a refined 
list of problems- wWch 
are inhibiting the ^ 
achievemetit of goals. 


The teacher will 'aj 
group to defend the 
list of proTSJfiims th 
developed, \ \- 

— . \ ^ . J 


k each 
1 refined 
py have . 

1 -.y • • » . 

|, ' • .., ' r • 
r <'J 

I _ . V . 


5e. Analysis of conditions. 

f 


Each gjfoup will use 
their rj^fined list 
of problems to. 
/ construct an ISM of a 
relationship between 
el^ents. 


The teacher wi 1 1 m 
thp iSMs prdducedl) 
various groups,, v. 

\ 

*' » ' 


'aTuate: 
y "the 


5f. Invention, evaluation, 
and selection of 
alternativjBs . 

»» 

m - ♦ 


Each group would 
initiate policy r 
recommendations for 
achieving goals deve-* 
loped in Objective 5b. 


Teapher-led class discussioi 
will evaluate each group's 
policy recommendati^ons. 

■ r- 
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' In.the follow^Hg discussion will elaborate op J;he objectives and 



Activities Identified ih Table 



Objective 1; Become FarnlliaV' With 
~ Land-Use Patterns 



Each student in the class would be expected to read a portion of'the 
artic-le entitled Two Ri vers . 'This article is taken frpm the Association 
of Atherica/i. Geographers high school , project and is suitable for the study 
of land-use 'patterns at the high school level. The students would read 
Paiges 13-1 7 and be expected to answer questions oral ly About 'the article 
(whith has been reprodi^^d and included in the following pages). ' ' . 



5x ■ 



Two Rivers 



In 'ihis activity you will study two very similar 
habitats— the lower Nile River and Delta, area in Egypt 
(United Arab RJepublic) and the Salton Sea area in 
'southeastern California. Both are dry regions that would 
be deserts it a river did not provide water to make them* 
places where nriaii could liyc. 

Yet these , two areas are used differently by man.' 
Why? V 

Some of the answers to this perplexing question are 
given in the twa fcadings that -foljow. And yoiL have 
learned '' some of the rea.'jons in the other units of 
Ccomtphy «" Urban Age. > ^ 

As you read, keep in mind the possible answers to 
the question, for you will be asked.to discuss them later. 




V\U Nil i: llAUriAT 

b . . . . 

.'I'Ik' Nile, u^iil, ;, luii'ih (»r -1.100 n,ik>s, is iIk- loni'- 
CM. nvn on c.iilli aiul ihc only major livn ||i.,i Hows 
from soiilli lo n(.iih.'lm;i.;i.Miivu in-oplc luiw comprnvd 
'I I*" II llouoi. Tlu; ii\o is lorr. sK iulcr "slnn ;in.l 
ll.u: iLll.t is Mk. |.„j.(; hlossom. 'JhcK- is ivni .1 l.u.l. U 
IS III) aiva vshich lies well hclow se.i level west o{ the 
rivc. nol f.,. iKMn llie clell.i ami is e.,lleJ Al l ayyum. 

I III- NiK-'.s priiic^pjl .sourees. ikmi lli.' eiju.iIrM .• jyi a 
peak of I. ,r,y liopiuil rains fi..m March to Sepirmher, 
My July ihi^ pe;,k of waier llowiiii^ n;„ih has eonvrrj-eU . 

'l'^' main .ehaniu ls of, ihe river as ihey cioss Smlai. 
ami lire UniieJ Aiah kej^iibhe. 

U^'^aiisellH \oliiinc of waler w;>s nuieli {iiealer Ml Ihis 
I'i'K- 01 Ne.ii ihaii Ihe eliaiinds eonl.l hokl, Miu livn al' - 
u..>,N ir.e,l lo overlhm ih banks. The llooj sia^.e uoiikl 
l.iM nniil (Ki,,|vi. Uniil man bei-an U. lenunlel ihe huuU 
m «Ih- Nile Valley was under a shcellof waler willr 
«'nl> rulj-es cf hi,>hei jToumI 1 ising above Aie Mood. Sinee 
I T' PI iaei\es ahnosi no rainfall, the valley of Ihe louvr 
Nile )>eis ainiosi all of iis ualer for ilie entire year from 
fl>c NiK- (Imiu'- Hie* lew monllis of iis hi^di waler How. 

Kalhei ihan luin;- a n;UuMl di^asler. ihe annual 
ll«-<'d pennilied llio lise^of one of ll,c li^Jiesl. mosi ad ' 
vajieed of an( ieni eivili/alions by :M)()f) iiV. The yearly 
lI'K'd helped Ihe.people to yynw fo. hI ko supporl a' laij-e 
l'"l'"'''<i"».."ul lo fKv men for b.nldui-. Icainin;-. and 
i"« llnodoius. a (lieek j'eo..ra|)her liisiorian of ilu' (ilih 
cenluiy lie., uiole ihal I'l'.vpl was tlie "i-ifi of Ihe Nile." 

*! Ik- (lood waters of the Nile eairied soil panicles from 
lipMieam and d. posited tlu'in ovei the jlood plain Tho 
llood plain ol a user is all the land if. IImo.I waleis n.ver 
^1 Ihni lu.-heM Slave If the ,ivvr lun. ihiolirh a nairow 
v.dle) Willi sleep xvall on bolli side., it v.ill hav. ^uy 
lilllv IKm(| plain Hut it it llous lliMMi;di a somAshal 
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»'i»ader valley -as docsMhc lower Nile- its Hood plain 
may be several miles wiile. 

I'or llMuisands of yi'ais the s'ill deposiied.cacli year by 
the ll()od partly renewed the forlility of the l-^-ypiian liekis 
idonj. the banks of the Nile. Man had to d,o liitle cxeepi 
plant aliei the waler receded. 

Dallas, like Hood jilains. are foriDOd by soil deposits. 
As the Nile reached .sea level it flowed loo .slowly lo keep 
die panicles in Ihe water moviji^i. So. as the river emptied 
mio the Mcdilciianean Sea. lJie .soil parlides drrtpp^l (Alt 
of Ihc water and eventually built up into land. Thfc Nile 
JXdia happens to have the Irianpuhir shape of the Greek 
letter delta, which is written A. At the point' the Nile 
River' reaches the delta it breaks up into a number of 
smallei channels that cut lhrou[',h the flat soil deposits. 

Man begins lo Homodel the Landscape j ^ * 

l.iclds and the vnia['es built on .Mivtclies of lii;>li 
ground that seKlom were Hooded or on the deserl niaij^iif 
of the Hood p^ain were tlie major chani',es nn^-ienl man 
made in the lands( iipe of Ihc v.dley and the delta. After 
Ihe watei receded in tlie, fall; fields were planted. C rops 
luew (hirinj> the waim dry winter and were havesled in 
Ihespiiii!', 

On either side of the fertile Hood |)hiin and delta was, 
iind .still is. the desert. As of today, iiineleen of e\eiy 
twenty i:<'yptians live cither on the Hooil plain or 011 Ihc 
river's tk'lta. which li)pelher nrc^dy a'/i percent of the 
eounliy> aiea. T^** 

No other inajA modilicalions^ie made in the Nik; 
h ihilat uniihabout .MOO nx\ ulu n a -leat teehnok>.:ieal 
revolution bei«an. l-:j'yplian faimers learned to. use pk)ws 
instead of plaMiii)-. .seed in Ihe naluial fuinnvs left by 
iKpailin; Hood watei. Als ). man bei>,an to deVise ways 
KHiianage Ihe How of the waler. l aiith embankments w^c' 
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^uilt to controp the movement of (lood waters so that 
water coiikl be led To more of the shallow natural basins 
within .the IkHHlC'ain, and therefore coven more land. 
Basin irrigation thus^ gradually evolved.^ Lake Moeris 
(present-day Hirkat V)arun) in Al Fayyum was another 
early water-control device. Excessive* lloods could be di- 
verted there and in years ofalcficient Rood, water could 
be let back inpii the valley. ' ' 

Winter crops were grown: wheat and barley, also 
vegetables and (lax. At the time of Nero, about 60 A.D., 
Hgypl provided Kome with wheat for four months of the 
year. 

In a few places where water could be secured all year 
round, nidre and varied crops could be grown. Thus, 
u little year-round irri|j[ation began. .Perhaps the idea 
came from the tinieswhcn ponds of water were left behind 
in low iircas after ;the Hood receded. Water then could 
be carried in. buckets to other fields. Lifting machines, 
first the pole and bucket, type, later the water wheel, were 
brought into use. In some places,- water from under- 
ground wells could supplement the llood supply and also 
help to make year-Ion;^ cultivation of the land possible. 

On lands uhitMi liaJ year-round irrigation, more than 
one crop could be groun each year, pnd the food supl^ly 
increased. Hy the lime these changes' haci taken place, 
ancient Lgypl had 6 million acrcs'under cultivation and 
.supported a population that may have been more than 
7 million, drain was Hgypt's chief export. 

D^clino oi lEgyplian Agriculture 

Hut I-.gyptian agriculture Jbegan to decline. The rea- 
• .sons for the decline were many. The country's farms lost 
much of-thcir power to imiduco. When land is irrigated 
year after year but not drained, the water evaporates, 
.leaving behind salts thaj destroy .soil fertility and the salts 
eventually ruin the sqil for farming, 



' This happened to many Egyptian farms in the delta 
and Hood pl^in. Besides, in one great xlisaster a million 
and onjfhalf acres in the delta were ruined by sea water 
soiTtetime in the 'late Roman or early Arab periods. 

As farms failed, embankments and" irrigation works 
fell into disrepair. Plagues and epidemics followed. By 
tljc time of the Arab conquest in.the 600's, the population 
had dwindled considerably. In the Middle Ages the pro- 
ductivity of the land continued to drop. 

But beginning about 1 820, changes .which greatly 
lengthened the growing sea.son were made. First, irriga- 
tion canals were dug deeper so that even low water in 
summer before the floods came could be diverted into 
rfiany fields. But the canals had to be dug»out every year 
after the receding floods silted them, work requiring hun- 
dreds of thou.sands of men. So instead of deepening ca- 
nals, Egyptians built earth barriers or .small dams to 
raise the sunjmer water level at intervals all along the 
river, forcing the water to spill over into shallow canals. 
By 1890 this .system had lifted the general. summer level 
of water more than twelve feet. In the delta of the Nile 
it became p9ssible to grow crops throughout the year. 
More summer crops could be grown; they commanded a 
better world, market. Other crops could then be mlanted 

after the floods. i . 1 ^ • 

Egypt turned to growing cotton in a big waf. Until 
.summer irrigation became po.ssible on a large scale, cot- 
ton had been a minor crop because flax fared better as a 
winter crop. So much knd was u.sed for cotton that Egypt 
had difliculty in growing enough food for its people. 
Indian corn, or maize, which i» a summer crop, also be; 
gan to replace wheat as the staple food of Egyptian 

peasants. / - 

Early In the twentieth^century, more ambitious water 
control started with the building of the (irst Aswan Dam 
in 1902, The system of small barriers in the Nile used 
the wfttcr inefficiently. The dam was desiftncd in part to 



store some of the Nilc*?i flood waters. The previous bar- 
riers constructed aloag the river had not stc)rcd any 
flood water for later use, but only raised the Icvefof river 
water so tluil water wbuld flow into intake canals. The 
Aswan Mam was hcightciiCLl in 1912 and again in 1^3^, 
Now a new dam, the Aswun High Dam, liqs been con- 
structed biy ciKHJgh to ho\ii buck .ni entire annual Dow of 
the Nile. It will aKo provide pim^T to ' make clteap 
fertili/crs, hailly nce-.led. by iht: imensively culiivaled 
fanrs tliat are no lon^^er coverv.\Pl>y silly Nile water which 
pjeviinisly h;ul renewed soil fcrliliiy. 

Good and Dad Effects 

At present four fifths of Egypt's farms are irrigated 
for summer crops and the appearance of the flood plain 
has been greatly altered Never docs a sheet of water cover 
it. 1*lK»t once life-giving aspect of the Nile would be a 
major disaster, dcstroyfhg tlie summer crops which are 
the most valuable of alL The floinl's mud and silt, once 
beheved to be a necessity for recharging^thc fertility of 
the lanil. are now considered a nuisance by many because 
they fill up the canwis. 

The river itself is kept in its channel by artificial high 
banks pierced by hundreds of canals which take the water 
to the fields, Ciiaihially the amount of land farmed in- 
creased, until today it is back to the 6 million acres of 
ancient times. I urihermore. because so much land is 
cropped twice and even three times a ycar^e cfTccJ is 
as if ligypt hati more than 10 million singtycrop acres 
under cultivation. 

Cotton is still the biggest cash crop. It is suited to 
larger fields so it is popular with larger Ji^tylowners. Re- 
cently, as the cities grew ttrgcr, wheat acreage has in- 
creased again bevauscjurban people prefer wheat to corn. 
• Irrigatioa apd multiple cropping have brougl)t their 
'own problems* When year^rounil irrigation is practiced, 
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the soil becomes waterlogged. Without proper draihage, 
so much water remains near the surface that it can keep 
the boots' of plants from **breathing/' The salt content 
also has incrtfasea sin(?e salts can be removed only by 
flushing water through the soil and then draiittng off the 
water, ItecausoiAf thcSe conditions, some authorities be- 
lieve that good drainage for delta farms is as important to 
the future of Rgypt as is the Aswan High Dam. 

Insects, almost unknown in the dry Egyptian climate 
a century or so ago, now seriously damage some crops. 
The increased moisture in the soil and air has created a 
favorable habitat for such pests as the boll weevil 

• ■ A ■ 

Recent Changes 

i 

The most recent ^hanges in land and water use in 
the Nile Valley are relkted to changes in Egypt*s political 
organization. In 1952 Socialist form of governmi^t re- 
placed the old monarchy^ Land reform laws limited the 
amount any man couttl own and large land holdings were 
broken up and sold to peasants. By American^tandards, 
most of the farms are extremely small, and fhost of the 
farmers coii\e to the flelds from nearby villages just as 
they have /or centuries. The government undertook the 
nevy Aswan project, a dam ^rge ejnough to store more 
than 100 million acre-feet of watcNr, three times the ca- 
pacity of Lake Mead behind Hoo^r Dam on the Col- 
orado River/ The aim is to make possible at reasonable 
cost the year-round irrigation of many areas that still lack 
it, imd bring |> to 2 million new acres under cultivation. 

S ALTON SEA ARHA 

The Colorado River flows 1|400 miles ^southwest- 
ward through mountains and defert from its source in the 
Colorado Rockies before it emptiej^into the Gulf of Cal- 
ifornia. It is the largest river in the American Southwest. 
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THE COLORADO RIVER AND SALTON SEA 




Area covered on mop at right 
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People living in scvpn stales and In Mexico use its water. 
Like the Nile, iuis dn international river. 

Most of the uf)per and middle porlioas of the riV'&r's^ 
basin is roujrh mountainous country into which the river 
has cut an immense gorge. The most 5Jpcc(acular portion 
of the gorge is the (iranci C^Myiin. South of Hoover 0am 
lire landscape* becomes more subdued, and the Colorado 
has built a flood p]ain and a large delta upon which agri- 
culture was dcvftloped. Today, Jhc California-Mexico 
border passes through the delta. 

Imlians' living along the lower Colorado developed a 
form of agriculture similar (o that of the c^ly Egyptjtftis 
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Irrieatfid areas^ , ' 

long before white men ever saU the area. But because the 
Colorado flooded in late spring, the 'crops were planted 
and grown in tho hot summer months. Corn, beans, and 
squash were staj^le items. • 

' A part of thcjColorado River water k u.scd in a hot, 
dry depression, or basin, tow*ard the center of which is 
the Salton Sea! Although the area appears to be similar 
to the Nile Valley, tlie' development here has' been very 
unlike that of Egypt. The Americans began to modify the 
habitat in a region" of sparse population thousands of years 
later than ditl the Egyptians. In addition* the' Americans 
have jlargcr capital resources than the Egyptians, use 
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many' more machines, farm larf{cr Mds, and employ 
laborers wlio work in the fields by day and go home lo 
nearby towns at night. There arc no large cUIlVs. Yet, like 
Iii:>pt, the CLonoruy of the whole arc^ is dependent on 
the l!inv of one river — the ( olorado/ / 

IaMi^ before AniorKans' settled in this region, the 
ri\iT emptied its waior from time to time into a depression 
ahoijl ^cii'hty miles west of iis channel. A body of water. 
Lake Cahuilla. existed there uiilil several hundred years 

The Salton Sea basin is an elongated valleV. an ex- 
— f^nsicii of the trough that forms ihe Gulf of California. 
The part of the basin thai is north of llic Salton Sea is 
ealled the Coachelhi Valley, wlulw\that part south of the . 
Salton Sea is called the Imperial Valley. Much of the 
basin lies behiw sea levcK the lowest point 277Jvet below 
the N'lrfaie ot llie'Ciulf of. Cahfoi'nia. A low ridge, a 
portion of the deha f^^n of the, C\)lori:do, separates ihe 
basin from the gulf. Mouiuain^ rise abruptly above the 
sides of the basin in*]^"]! .other directions: 

I-arly S|Kinish seitlerSrOf l-l^e nOfVs avoided this desert 
us no se;u or lake existed there. Only a few exfrorers 
crossed it. Americans seeking gold tried this route into 
CaliforniJj, but many lives were lost in the blazing desert. 
Only after railroails' were built in the 1870-1880's 
thrt)u::h the region did men begin to think of turning th(i 
desert ilito farms. 

The botioifi of the basin lay below sea level, but only 
a few miles to the southeast the Colorado River 'flowed 
across its delta more than fifty feet above sea level. It 
seemed lo be a simple matter to construct canals lo bring 
Colorado River water into the basin and, hopefulk^, to 
turn the dry desert into green farm land. f " 

The first canal was cut through tile rive^bank near 
the Mexican border in 1901. The valley was renamed the 
Imperial Valley to change its image to attract farmers 
J!ul settlers. 



The new canal was not trouble-free, for the tremen- 
dous amount of .silt carried by the Colorado began to fill 
up the canal intake* New openings were made. But. nature 
had another card to play. Although most people did not 
realize it. the entire Colorado jRiver baslh had been in 
a period of drou^jhl sinc3 the lj'890'.s. In 1905 an excep- 
tionally high Colorado flood poured into the valley along 
this canfll and created the Saltoii Sea. ^ 

After many attempts over a period of years, the break 
in the river bank was closed and irrigation of H*<Ump(fl-ial 
Valley resumed. Still, there existed mafiy problems with 
the landowners, water companies, railroad, and M^ican 
government. Jiesides, the river was stilt not fully regulated 
and in periods of low water, fields were dry. The threat 
of another flood remained, too. ' 

The building of Ho(wer Dam and other large dams 
alongy^tbc Colorado ended both these dangers. A system 
of canals has been conslruct^Jd to carry water to the fields. 
Underground drahs have been installj^d to carry away 
excess water. T his means that much of the area can be 
farmed v/illiout the danger of waterlogging or salting that 
the Nile Valley has suffered. The main intake canal has a 
series of settling basins in which the river silt is taken 
out before it gets to the fields. 

Farming as Big Businns^ 

Tiie typical Imperial Valley ranch is an industrial 
^arm of several hundrel! acres which a farmer may lease 
from. someone else. Malty belbng to corporations, so a 
farm may be run by th^ owner or may belong- to absentee 
st()ckhol(Jers. Few people livc^ on the farms. Owners and 
workers live in small towns and cities of the valley. 
Most settlements are sliipping points and market centers 
located n rail lines connecting them to eastern markets* 

The Imperial Vallfy farms are highly mechaitizld*^ 
Many operations ar<yxarried out by huge custom outfits 
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\, . moving from farm to farm , These farms no longer env 
ploy liand labor, needing only ihe men who run the ma- 
chines. . ' 

Produ(;tion per acre Is liigh. On some land two or . 
three crops per year are grown/ such as cot'ton, lettuce, 
sugar beots^ tomatoes, cantaloupes, watermelons, and 
carrots. A rather important livestock feeding industry is 
also located in the valley. Beef cattle and lambs arc 
fattened on alfalfa, sugar beetpulp, cotton seed meal, andl|f 
molasses. 

' The Coachella Valley to^thc northwest of the Salton 
Sea has a different type of soil. Fruit is grown here. Ninety 
per cent of United States dates are grown there, as well as 
seedless graces and citrus fruits. The Coachella Valley 
was originally irrigated from artesian wells. Later a 
branch of the canal from the Colorado was built around 
the Salton Sea to^ bring additional water to. this valley's 
farms. / 



i 

A rather important recreatipnal industry has grown 
up around the Salton Sea since it was created. Many 
beach 'Cottages and homes have been built along its 
shores. When the Imperial Valley farmers irrigate their 
crops, surplus water eventually flows into the Salton Sea. 

The farm drainage system also carries salts flushed 
from the soil to help preserve the fertility of the land. 
Some sewage from the towns and cities also empties into 
the man-niade sea. 

The farmers of the valley still have problcjns, lik 
the bdll weevil which often damages the cotton crop. B 
the change the Americans have made in tht^area's Ian 
scape is eveji greater and took place in a fat'shorter'lime 
than that tl'ie Egyptians have madq in the Nile Valley. 
The change was from an almost i^ninhabited desert to a 
highly productive fi^rmihg region/ While fa^^ from being 
as densely populated as the Nile /flood plain, its 500,000 
•aCTes support thousands of people prosperously. 
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'Objective Z: Petermining Ekistic Elements 
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According to the science of ekistic^, the study ^ humanUettlementS; 
must be broken down into, five major elements to help the teachter and students 
organize their perceptions ar>d understanding of the relevant phertDniena. 
TheiBtudents would have had a prior introduction to the study of human settle- 
itlents'and they should be ab]e to re^nize the, ekistic elements particularly 



)king at land-use patterns', hence the 



relevant to the case^study. We are )0 
,f ekistic element under .study woijld be Nature. However, the students must be 

reminded that the other four elements making up the study of human settlements 
are also interactirt^ wi th Natures . - . " 

Objective 3: Identification of Cownunity Sdale ' 

, . " The third objective wouild 'follow very closely wi't*h oir second in that the 

students, through the use of the' modified ekistic grid (4e Figure II-4), 

^ are to determine what coifmunity scale they are investigating. After 

reviewing the modified ekistic grid, and following a clas$, discussion 
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about ^e relevant social, political, and economic factors 
delta -region,, the students^ would be asked to select what ^^propriate community 
scale is being investigated. In this instance, it appears that the class 
should identify the appropriate community scale as being a conurbation. 

The outcome from the implementation of the first three Objectives 
of the recommended lesson plan is to have students : 

t become familiar with the content material of the . ? 

case study; \ , ' \ ' * . 

•. select the relevant human settlement elements; and . 
0 determine the app^ropriate community vStJaTle according - . ' 
to the taxonomy of .the codified elastic grid. 



The Intent of the remaining objectives of t}ble IV-l is to focUs the 
students' attention on the "Decline of -ggypti an Agriculture" , using the 

\ ■ " ■ * • 

. policy sciences perspective. We beli'eve this apprdach is. important because 
it allows students and teachers to share their>^erceptions about a complex 
problem and to discuss alternative courses of actions that could contribute 
to the achievement of the most desirable outcome. X^the studentj/become 
familiar with the policy .perspective, they .can gradually be exposed to more" 
complex protilems. Since this case represeilts V first attempt to perform 
a policy analysis on a human settlement entity, it might be preferable to 
'have the students work out their perceptions in groups of 3-5, depending on 
the size of the class. As the students become more adept with the policy . 
^ perspective approach, they could be allowed to work .individually. - , 



Objective 4: List of Problem Elements 

it ^ 
During the element identification phase of our lesson, each group in 

the class will develop a list of elements which they perceive as inter- 

acting with onfe another and contriijuting to the overall problem situation,, t. 

to'a decline in agricultural production within Egypt. Each class group, 

through discussion and consensus, might produce a problem element list 

that looks like the one shown in Table IV-2. ' * ' 



64 



J. 



1. 
'2. 
'3. 
'4. 
'5. 



TABLE- IV-2: IDENTIFICATION * PROBLEM ELEMENTS 

Irrigation canals are dug deeper 'to catch more water. 
Construction of earth barriers, c ^ 
More suimuejfr, crops a^re grown. 
Increase In cotton production as a cas-h crop. * 
Fewer acres of staple crops, are planted. 



.6. Construction of Aswan Dam Project. 
P 

7. Entire .flow of Nile River under control %f dam system. 

P • 

8. Increased use of fertilizers. ' 

P 

9. Less natural silt deposit on land. 

P 

10. Flooding of silt delta lands from the Nile has ceased. 

P 

11. Year-round irrigation practiced. 

12. Soil becomes "waterlogged." 

p 

13. Poor drainage of irrigated land in-delta region. 

P ' 

14. Salt content of soil increases. 

p i I , • 

15. Increase of pests and boll weeviTs. I 

P ' ' 

16. Lack of- "breathing" for/ roots of crops pTanted. 

. Weather and climate cor/ditions require -extensive 
irrigation for farming. * v 

* ' " . , 

18. Drop, in crop pVoduction per acre. 
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• When the groups develop their different element lists, they will reflects 
on many of the various elements which can contribute to the loss* of agricul- 
turial production. ' ' 

Since tliiis is the students' first attempt at this ac/tivity, thevtea<;ber 
^ would have each group present their findings so. far,, Thn would allo^for an '• 
open discussion and provide a useful mechanism for checking* each group's - ' 
individual progress. Further, as we have noted in our^ lesson plan, the teacher 
could give other rea,ding material similar to the Two Rivers article to determine 
if the students-are able to develop a list of problem elements. Aftef the . 
completion of the different lesson objectives, it is importarvt that the ' - 
teacher monitors each group's progress to be sure that yiey have successfully 
completed the original objective. As the students gain additional^perience 
utili-zing the policy perspective approach-, sgch close , monitoring may not be 
necessary, • 
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Objective 5a; Understanding Goals of Policy Science 

Wiethe completion" of each group's set of elements the different 
groups would begin the heart of the policy process. The intent of Objective 
5a is for the teacher to review with the groups the dimensions of policy 
sciences before they apply the five step problem-orientation sequence. The 
vario^us groups would be reminded that policy science is represented by some 
form of human intervention the operation' df a system in order to'aqfiieve. 
the desired goals -of that system. In this instance, the students would 
realize that they are going to recommend certain policy initiatives which 
will help to stop the continued decline in agricultural production in the 
Egyptian delta region. 

During the five step problem-orientation analysis, the students would 
also be using the "framework for the Conceptualization of Settlement Futures 
and the Selection of A Desirable Future" (see Figure II-5). 

> ? 

Objective 5b: Goals Clarification 

By means of Objective 4 each group has identified a r|jmber of problem 
elements- (see Table IV-2), and they essentially have gained a greater apprecia- 
tion of the complexity of the problem situation they are studying. Based on 
tijeir perception of the problem each group can I1<6t aome desirable futures 
concerning lan?l-use patterns in the delta region of Egypt* By examining their 
particular prob|em list each groups could devise the following exempWy list 

♦ 

of goals for this region: d 

P ^ 

1; Better soil drainage for the delta area; 

r ■ 

2. Increased crop production. 

^'3. Plafitinq of fTiore acres of staple crops 
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4. Reduction In the failure of smallt family fari^. 
^5. Others. 



Objective 5c; Trend Extrapolation 



This step of the process allows the diffesrent groups to projecl) the 
probable futures of agricultural production, if current land-use patterns 
are allowed to continue as they have in the past. During this step students 
'could ask questions like: VWhat*w1ll the jpcial, political, and economic 
consequences be in 10 to 20 years if certain ijolicy initiatives are not 
implafrented?" ^ . ' . 

Once the groups hav?* generated answers to some of their questions, they 
could list likely events which might occur if iocal officiV^s faiJLto attempt 
to alter present land-use trends, as,. shown in Table IV-3. ^ 



TABLE IV-3: TRENDS WITHOUT ANY POLICY INTERVENTION 

T, 



1. Soil will become completely "waterlogged." 

f ' # * ' 

2. Salt concentrations and the. number of insects rise to 

a level 'which all but prohibits farming. 

^^3., After continued use of fertilizer, crop yields begin 

to decline. 
T • * - , 

■4,. Unemployment begins to risftr^s farmers are forced to 

stop farming. 

.Already overcrowded cities must absorb those farmers 
who leave their lands. w 
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with the utilization of this particular exercise, students have 
now become increaslng^ly sensitized to the need of some form of policy 
Intervention to prevent these probable trends from occurring, 

Objective 5d; Protfem Identification 

* 

At this. point each group can now focus on the primary elements which 
are contributing to land-use problems in the Egyptian delta region. By ' 
referring to their original list of problem elements (see; Table 'IV-2) , ebch 
group ca^^ now refine their list to focus on the problem elements which are 
interfering with the achievement of regional goals described in Objective ; 
5b. The group^ would be reminded that as they develop the problem lists, 
they have an opp^ortunity to, focus on the difference between their desirable 
futures as described in Objective 5b and the probable futures as developed 
in Objective 5c.. The^discrepancies between the desirable and probable ' ' 
futures represent the real problems that regional policy initiatives must 
attempt to reso-l ve. ^ 

Table IV-4 ^represents me major problem elements interfering with the 
attainment of regional goals as listed under Objective 5b. 



TABLE IV-4: PROBLEM ELEMENTS INTERFERING WITH ACHIEVEMENT OF GOALS 

* « 

P 

1. Increase of cotton production as a cash crop. 

P 

2. Fewer acres of staple crops planted. , 

p 

3. Construction of Aswan Dam. ' 
Increased use of fertilizer. 

^5. Flooding of farm land has ceased. ' 
6. . Year-round irrigation practiced. ^ — 



p ' 

7. Son Is becoming increasingly "waterlogged." 

8. Poor drainage or Irrigation land In^^Jelta region. 

''9. Continued build-up In salt content of the soil. 

P ' ' ' ' 

10. Increased problem of Insects. ^ 

11. Lack of "breathing" capabilities for roots of crops planted. 

12. Recjuctlon In crop production. ^ 



Objective 5e: Analysis of Conditions 

At this point in the process each group cojjld review ^he work they have 
completed so far. The Intent would be for the different groups to analyze 
the list of problem elements developed in Objective 5d. The students would 
try to determine how these elements interact with one another. One way the 
different groups could explore the relationship among the elements is bv 

v 

applying the Interpretive Structural Modeling technique. Each groLf|5, with 
help of the teacher serving as a facilitator, could engage in an ISM exercise, 
as described in Chapter III. By utilizing ISM each group might produ(;e a 
structure similar to the one shown In Figure IV-1. Thi/ structure demonstrates 
the linkages between problems through a "cause or affects" relationship. 

By carefully analyzing the structural model shown in Figure IV-1 the 
students can appreciate the causal linkages that exist among the problem 

f * 

elements and how each problem contributes to the fundamental problem appesiring 
at the top of the hierarchical structure, namely "Reduction in Crqp Production" 
in the Egyptian delta region. 
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9 Continued Build up 
in Salt Content 
of the Soil 
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12 Reduction ^|^^0P Producti 



on 



7 
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10 Increased Problem of Insects 
^ 




7 Soil is Becomming 

increasingly "Waterlogged" 



T 



8 Boor Drainage of Irrigation 

Land in Delta^ Region 
m g 



— p 

6 Year Rou 
Irrigati 


nd , 

on Practiced 
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P 

5 Flooding of Farmland 
has Ceased 


- J 
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P 

3 Construction of 
Aswan Dam 



11 Lack of "Breathing" 
Capabilities for 
Roots of Crops 




FIGURE IV-1: A PERCEPTION OF LINKAGES AMONG PROBLEMS, THROUGH A "CAUSES OR 
AFFECTS" 'RELATIONSHIP. 



The question th^it tjpe group must address now is what kind of intervention 
nl^ght ameliorate the problem situation depicted by the ISM model. One of the j; 
ma^or regional goals identified earlier the group 'of students was "Increased 
Cropy^ Production" . They are now ready to explore what alternative actions could 
be adopted by region^ policy-makers to achieve the desired regional goal. 
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Objective '.^f; Invention. Evaluation, 
■ ■. - Selectign of Alternatt 



and 
ves 



In this final step each group would explore alternative pol icy actions 

• I f 

to achieve thei»* desired regional goals. ^ 

During the process each group of students could utilize the ISM model 
they developed during Objective 5e. In this case the group of students 
that develbped the ISM model shown in Figure IV-1 would examine the 
ISM model to determine what policy op\ions might exist pertaining to each . 
particular problem element. 

For example, the group would determine that P^, "Construction of Aswan 
Dam", represents a problem element for which no policy option exists because 
nothing can be done to alter the fact that the dam exist.' Further, since 
the dam will continue to^prevent flooding to the\elta farmlands, year-round 
irrigation would still have to be practiced. Thus, after examining P^, P^. 
and Pg the group would move to problem element Pg, "Poor Drainage of Irrigation 
Land in the Delta Region". It is at this level that the group of students 
would conclude that the essential policy recommendation is the improv^ent 
of drainage for the irrigated lands in the Egyptian del ta region. The' 
initiation of this policy option would have a positive affect on all the other 
problem elements contained within the problem situatiop they have been study- 
ing. Figure tV-S represent^ how the group of students can reconstruct* the 
linkages among the elements of Figure IV-1 by introducing a policy intervention 
that will contrij^ute^ to the attainment of the regional goal, "Increased Crop 
Production". 



ERIC 



Essentially with the completion of this final lesson objective the, 
students have concluded the poll (^analysis process. ^Hng these various 
' steps the student groups haive examined a cpmplex probtem» broken it downt.lnto 
its "problem elements", and developed an ISM model to help analyze linkages 
among the various "problem elements". '^Ith the utilization of the policy^ 
process students will be able to indent and recommend policy initiatives" to 



help achieve- regional goals.' 




Increase In Crop Production 



Less Salt. Content 
in Soil ' ^ 



I 



Decrease in Inlets 
^ 



V 



Roats of Plants 
"^feathe" Better 



Soil Become/ Less "Waterlogged" 



r Improved drainage of Irrigated [Policy Inter- ] 

j Lands in Delta Region ' Cvention Eleiflen^ ] 



I Year Round Irrigation Practicecl 



> 


i -. - ■ 


Flooding ofVarmland has Ceased | 



1 

I Construction of Aswan Dam I 

I — ^ — " . L ' 



■ ■ ^ ' ] 

FIGURE IV-2: :A PERCEPTION OF LINKAGE AMONG ELEMENTS F0R THE ATTAINMENT 

OF THE REGIONAL GOAL. THE RELATIONSHIP IS "CAUSES OR AFF/CTS". 
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. ^- '■■ CASE TWO: A METROPOLITAN l^EGION 

The second applicaflon example focuses on a metropoHtan area corresponding 
to coimiunity scale No. 7 on the ekistic grid, i.e.. an approximate population 
of two million people. 

In this application the class will utilize the two techniques presented 
iji Chapter 11 in order to generate and structure ideas relating to the particular 
metropolitan area in which their high school is located. The role of the 
^teacher is that of a discussion leader. The role of the students is primarily 
to engage in a dialogue and to generate ideas relevant to the goals and ^ 
problems of their metropolitan region. . ' 

In^ this case. the. ekistic entity for study has been defined by the 
gr^up from the outset. Hence, they can immediately proceed to the applica- 
tion of the policy perspect-ive in the framework of the system for inquiry 
iipproach. 



Step 1 : Goal CUri f i cati 



on 



- With the teacher acting as "a discussion leader the class will conduct 
a Nominal Group Technique to generate a set of metropolitan goals. The 
application of NGT will most likely take from two to three hours and might 
lead to a set of goals sifnil^r to the one shown 1n Table IV-5 



TABLE IV-5: A SET OF METROPOLITAN SETTLEMENT GOALS 



Gi " r' 

1. To enhance the quality of human life in all its dimensions/ 

2. To preserve the quality of the natural environment. 

6 * 

3. To maximize recycling of depletable resources. 

G 

4. To enhance the quality of renewable resources. 

G ' ' 

5. To achieve a balance betweeri population and resource utlHzati 
G * 

6. To provide recreational activities and open spaces. 

^7. To satisfy Man's physiological needs. 
G 

8. To provide for the safety and security of a-11 citizens. 

G 

9. To provide cultural and aesthetic opportunities for human 
development and self actualization. 

G 

10. To provide an environment supporting diversity and 
variety of individual choices. 

G ' * / ' 

11. To provide a system of liw and justice for all citizens. 

^12.- To pfro,vi4^%1vt;he social and educational needs of "fhe ' ' 
poptOation^:./ .. 



13. To. supply udecfu^e/^ttiployment and economic opportunities. 

.14. To provide adequate 4rtd diversified housing. \ 

G ' I ' 

'15. To provide hospital and emergency services. 

G ' 

Ip. To provide shopping arid: manufacturing opportunities. 

17. To provide educational a'n^cultural centers (opera, 
stadium, zoo,, etc.) *' • 



G 
G 

19,. To provide private and^publlc transit networks'. 
6 

20. ' 16 provide communication networks . 

G ' ' 

21, To provide computer and infonnatlon service networks 



18. . To provide water, energy,, aind waste-disposal networks.' 
G, • % 



After discussing and clarifying the meaning of each one of the goals 

i 

tli splayed in Table IV-5, the teacher will engage the class in an ISM process 
as described in Chaptier III. 

. V Given the nunter- of goals displayed'in Table IV-5, it will take 

approximately three hours of classroom time to generate'a nletropol itan 

goals structure similar to the one shown in Figure IV-3. 

After the structure R>». been generated by the use of the ISM process, 

the class should engage in a discussion in order to comprehend how the 

lower-level goals are, instrumental to the achievement of the higherrlevel 
V / 

goals. Also it will be useful for the remaining steps of the policy science 

process to attempt to cluster the goals into main sectors for analysis. ^ 

For example in the case of Figure IV-3, it is interesting to nbtice that the 

goals structure can be subdivided into three separate and interrelated 

sectors, namely: (a) the ecological^sector which is relevant primarily to 

,^the ekistic element corresponding to )^ature, (b) the land-use/transportation 

setter which is linked to the ekistic elements of Nature and Networks, and 

\c) the socio-economic sector corresponding to Society. The clasS might 

choose to look at each one df those elements of Ekistics more carefully 

during their study of the metropolitan region/ Or»they might chtose to' ' 

divide into three groups, each one concentrating and analyzing one of the 

three sectors identified in Figure IV-3. 

• . * Step 2: Trend Extrapolation; 

During this step of the poljlcy process the teacher might engage the 
• students in identifying present trends whhin the metropolitan area and tryin^ 
to extrapolate them into the future in order to derive* probable future states 
of the metropolis. Examples* of -such trends might be: 



T ■ 



-> 



2 . To pri s'rrvir ti e * 
qiuUtyof ihc nAl\aal 
cnvlroiumrnt , 



J« To Qchlrvi: 3' 
bAlatu i* bj*tween 
population a:H) 
rc«iourco utiUzrttion. 



3 . To ruixlr Ire 
p I r t ah I v > ou r c e s 



^. To ddjarKL* t)\o 



I, To enhance tUo qu<ilUy 
of hmuan 1 1 fo in all its 
dliDcnalons, 



10, To provide an envlronmont 
•upportlng diversity and 
variety of individual choice. 



7\ To eatiafy ouin's physio- 
logical needs. 



K*. To provide 
ftvlcquato and 
divcraif led. bonding. 



20. ' To provide 
conrnunicat Ion 
nutvorks. 



16, To provide 
flhopping and 
wapu facturlng 
opportunities , 



21, To provide 

co'.putcr and, 
infonvi tlon 
Hcrvico notvovks, 

^¥tmmmm»A mmum m iiim MliMMVMitMM 



18, To provide 
' wa V'r » < i^' ^KV^ nnd 
V'6:itt dlypoMii I 
ni. ks I 



kcoi.(x;1(:al skctok 



19 • To provide 
pi^lviite and publ ic 
&ifao?»it nf^tworks. 

LAND - US R POU TAT T ON 



j;rCTOI; 
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13, To oupply 
adequate employ- 
ment and cconotnJc 
opportunities. 



12, To provide al I 
the social and 
educational needs 
of thf! population, 
t 



9, To provide 
cultural and 
fnHtliet^lc 
opporturiitie!> for 
hunan< dev^lojTT^ent 
and a(rlf- ^ 
actualization, K 
I ^ 

\ 

17, To provide 
cducatiohul B(^d 
cultural centers^ 



15, To prt»vldc 
hospital <ind 
^emcriicncy ocrvlcco. 



11, To provide a 
aysteiTi.of law ^nd 
Justice for all 
citizens . 



8, To provide for 
the safety and 
security af all ^ 
citls^ens. 



6, To provide! 
recreational 
accfvlties and 
optn apacca » ^ 



SOCIOECONOMIC 
SKC'rOK 



, 2"^: ^Hng.«^^^^^ ARE CONSIDERED to' BUNSTRUmAtAL . I 
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1. Unemployment In the central dty to Increase to ^ 
approximately 12% by l980', 

\ ■' 

2. An increasing need for an improved public 
■ transportation systefti; "z 

"^3^ Increased air pollution in the central city; 

4.. Increased density in dowritowfr area due to high 
' rise .construction; 

etc, . ' ■ ' . 

. » V 

. » . • * * * '. 

The class should engage in a <liscussion of these foreseeable trends "and 
determine the extent to which they are compatibl'e with the metropolitan 
goal^ identified iri Step 1 of the process. ' . • 

Step 3; Problem identificatio n 

•The focus of this step is to develop a deeper understanding of the \ 
meaning of a specified set of problem statements and to establish a pattern 
for their interaction. ' . ' - 

Th>^eacher Should use the NGT technique^to generate a list or problems 
in the TighNjf Steps Kand 2^of the pol icy 'p>'o*ess discussed previously. An 
exemplary set of proBT^mSs^i s shown in Table 17-6.' 



/ 



<6 



TABLE 4V-6: STEP 3: PROBLEM IDE{iTIFICATlON. A METROPOLITAN PROBLEM lET 





P • 

I. ' Misuse of agricultural and urban land. 

'*2. Urban„ sprawl . . * fB^.v 

p ' ' ■ ■ ' ' ' .'i ■ 1 ■ 

3. Destruction of natural and recreational land. . ■ . • . \ 

P' • • • ■ ' ^. ■ 

4h Lack of adequate, 01^* spaces and parks. 

p ■ •T^V . , t 

5. Air pollution. , . . • ^ 

P . " 

6. Wat^QP pollution. 

'^7. ^ Inadequate water supply facilities. . 
P 

8. Low income housing shortage. 
P ' 

9. Racial and economic segregation. 

P 

10. Inadequate community facilities. 

P' ' ■ \ . ■ 

II . Slums. , ' • s • 

P • ' 

12.' Ugliness of visual and noisiness of auditory environment." 

scrifli1nation» unequal opportunities. 

P ' • 

14. inadequate schools and education. 

P ' 

15. Civil order breakdown.- ^-r . ' 

P * 

16. L-ack of concern for human lives 1n the city. 

p> I ■ 

17 J- Policy-action impotence caused by diffusion of political power. 

^18. Lack of effective control of resources for protection, of public interest. 

P ' ^ ■ ' ■ 

19. Flight to suburbs of middle class. 

P * " " . 

20. Urban .renewal/relocation problems. ' 

P 

21. Unemployment and poverty: 'tinderprlvll.eged , unskilled, uneducated, ' ' • 
racial discrimination. , ' 

^22, Bankruptcy x)f cities. . . ' 

p , ' , • 

23. Property tax revenue base of Igcal government. • 

P 

24. Econonji^c dependence of communities on industries-. " 

''2'5. Inadequate solid waste disposal. , 
P ' 

26. > Lack of adequate intra-city transportation modes. 

P - 

27. Traffic noise and fumes. 

P ' • 

28. Neighborhood destruction by freeways. 

P 4« 

29. Alienation, disorientation. ■ 
Difficulty^'of coping with constant change. 
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._...„....4iven; the probl^ fV-frv^ttrr teacher should iMd^M ""• 

exercise to construct a structure similar to the one shown In Figure IV-4. 
A usef4jr relation for generating a problem structure is' the relatlorj 
"aggravates." ThU structure essentially portrays graphically how a problem 
aggravates other problems of the metropolitan set. It priiparlly helps In 
Identifying those problems .that are more critical In the sense that they 
represent a source of aggravation. It also portrays by means of ."cycles" 

•the subset of problems that^ are clustered together In a strongly Interconnected 
system of problems. In this particular example, there appears to be a cycle 
containing the twenly-o^ problem slatements shown^ln Table 'IV-7. This ' 



table collects those probleoi statnients which were perceived In this case as 
being involved in a complex subst^cture Involving feedback loops In such a 
manner that each component problem was seen as aggravating every other problem 
in the subset. The problem statement Pg, RaciaV and Economic Segregation, 
is identified as the "principal gentrating element" because It was selected 
^s the prdBlem statement-upon which to base the pa1r-w1se comparison of elements 
as required by the ISM technique. * • . 



THE |ELATION "AGGRAVATES": CYCLIC COMPONENTS 

Principal Generating Element: 

P • 
9. Racial and economic segregation. ( 

Remalnii^g elements:' ^ • ' . 

P 

.1. Misuse of agricultural and urb»n land. 
P . • 

2. Urban sprawl • 



loo 
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TABLE IV-7 (continued) 

p ' • . A 

4. Uck 6f adequate ppen spaces and parks. 

P 

8. Low Income housing shortage. 

p ■ 

10. Inadequate community fatHJtles. 



12. Ugliness of visual and noisiness of auditory environment. 



11. Slums. ^ 

P 



P ' ♦ 

1.3. Discrimination, unequal opportunities. 

p 

14. Inadequate schools and education. * 

P • # 

15. Civil order "breakdown. 

P ■ ' 

16. La,ck of concern for humaf Vlves-ln the city. 

P * 

18. Lack of effective control of resources for, protection of the 

public Interest „ , 

P 

lv-9. Flight to suburbs If middle class. ^ 

p - , ' 

20. Urban renewal /relocation problems. 

P - ' 

21. Unemployment and poverty: underprivileged, unskilled, . . 
uneducated, racial discrimination. 

P - 

22. Bankruptcy of cities. 

P 

23. Property tax revenue base of local government. 
P ' 

26. Lack of adequate 1ntra-c1»ty transportation-modes. 

^29. Alienation, disorientation. # • ' 

P 

30. Difficulty of cop1nc| with constant change. 
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. step 4; Analysis of Condltlofis 
The Intent of thls^step 1s to analyze the causal factors that. have 
^Conditioned the direction and magnitude of the trends described In Step 3. ^ 
Becagse we Identified In Step 1 three ekistic elements as being of pri- 
mary Importance In the metropolitan case, the^^teacher can focus on these three 
elements. The students might be asked to do some Independent reading on the 
kind of metropolitan growth planning being practiced by various agencies In » 
t'heir particular region. After conjpAetlng their Independent work the class 
could use the Nominal Group Technique to generate a^llst of elements relevant . 
to each one of the three primary sectors, as shown in Table IV-8. 

Following a discussion of the element set, the class can perform an ISM 
exercise to deve^^p a structure of the causal linkages among the elements. 
An exemplai^y structure Is shown In Figure IV-5. The structure of Figure IV~5 
contains three separateicycles ; the elements belonging to these cycles are 
shown In Table IV-9. ft Is Interesting to note that In addition to the 
hierarchical relationship displayed in-Flgure IV~5, the two major cycles, 
C-i and display ty/o Important clusters among variables . Cycle Cp for 
example, collects variables from the elements corresponding to Society and 
Networks and groups them totf&ther Into what might be called a subs/stem 
correspondlrjg to the "economic base" of the metropolis. To the extent that 
the economic health of the region creates more leisure time for the citizens, 
wthey may be able to devote time and energy to civic activities in response 

to perceived and measured indicators- of community viaijilit^. This type of 

♦ ... 

'.a.dtivity is captured in Cycle, which might be termed a "Metropolitan 
Consciousness Subsystem." The third cycle is a conceptually trivial one, 
consisting of only Iwo elements. 
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TABLE IV-8: ELEMENTS CONTRIBUTING TO PRESENT TRENDS (IDENTIFIED BY SECTOR) 

Socioeconomic Sector (Society): 

u 

Population (P). 

R 

2. Basic employment (number of manufacturing Jobs).- 

R 

3. Service employment (number of service-r^el ated jobs). 

R 

4. Gross regional product (GRP) (or per capita -Income) . i 
R ■ ■ , » ( 

5. Social commitment or Identification with the metropolis 
(cqjnmunlty spirit). ' 

'^6. TechrA>log1cal factors (TF). 

•^7. Leisure time (LT) . ' 

Land Use/Transportation Sector (Networks) 

R ' ' » 

8. Average travel time from home to work trip (minutes J.-^l^^.^ 

'^9. Average travel time from home'tcJ shop trip (minutes)^ ,1:3' 

R ^J^* ' 

10. Quality of rapid transit^ _ . 

R ^ 
Average residential deFisities {people/square mile). 

R 

12. Number and location of power plants. ^ 

13. Percent of metfopol i tan area assigned to public open space. 

R 

14. Number of vehicles on 'the road/working day. 

15. Extent of telecommuni.cation-based services. 

R 

.16. Per capita travel (PCT) (Intercity travel miles/person/year). 
Ecological Sector (Nature) 

17. Total air pollutant emissions (EE). 

'^18. Air pollution index (API). ^ 

19. Industrial water discharges (ID). <^ 

'^20. Sewage discharges (SD). 

R ' ' 

21. Extent of use of disposal containers (DC). V 

R 

22. Extent of recycling of materials (R). ' , 
"^23. . Water pollution index (WPI). . . 
•^24. Solid wastes index (SWI). 

'^25. Noise pollution index (flPl). 

'r ' ^ 

26. Environmental quality index tEQl). 



r 
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R 



Diychai--u (SD) 



I;;Ja:i trial 
Water Di&chargos 
(ID) 



L3: „Cycle j . 

Exuone oL Recyclin 
V-itorialj" 




C^: Cycle 2--'lR^:. ^ 
IdenciricaLion with 
tlio Metropolis" 



' R 



Time 
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Total Air 



PolluCaat: Ernidsions 



Rj^^ : Average Resi- 
dential Densities 



c 



, : Cycle 1--"15 ; 3/ 
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TABLE IV-9: REALITY STRUCTURE IDENTIFICATION: CYCLIC COMPONENTS 
Cfcle C^: ^ • ^ 

. Generatinq Element: . ' > . 

•' R ' ** 

4. Gross regional product (GRP) (or per cap1ta\tncome) . 

• Remaining Elements: / ft . 

?1 . Population (P) . . > - ' n 

Baaixj' fmployment (number of manufacturing Jobs). 
Service employmentj (number of service-rj^lated jobs)^ 
6.; . Technological factors (TF). f 
^8. Average travel time from home to work trip, (miniates ) 
9. Average travel time from hme to shop trip (minutes). 

: '^lO. (fuality rapid transit. 

R * ' • ' . • • 

12. • Number and loca,t,ion of power plant(s) • 

14. Number of vehicles on the road/working day. 

15. Extent of telecommunication-based Services. ' • 

R 

- 16. ^r capita travel (PCT) (Intercity 'travel /miles/person/year) . 
Cycle C^: ' ' ■ 

Generatling Element: , ' ' 

'5. \ Social commitment or identification with the metropolis 
(community spirit) . 

RemainingElements : ^> v / 

R -x ■ * ' ' ■ 

13. peVcent of irretropol itan area assigne^ to pu|L1c open space. 
'^IS. Air pollution inde> (API). . ^ 

^^23. Water pollution index (WPI). 

'^24. Solid wastes index (SWI). " 

'^25, Noise pollution index (ripi). .j. 

^^26. Env1ronJfnta,l quality -index (EQI). ' ^ 

Cycle Cj: J 
Generating Element': 

* R ■ f ■ 

22. Extent of recycling of materials (r). 

Remaining Element; : . ' 

R ■ ; ' • 

21. Extent of use of disposal containers (DC).-- 



R. 
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Step 5; Inyention. Evaluation, and 
Selection of Alternatives 



In this step tjhe plass needs to- search for policy Interventions that will 
Increase the probability of achieving the goals stated 1n Step 1. Again, the 
teacher can use an NGT to generate a set of policy Irjitlatlves similar to those 
Identified in Table IV-10. . . 

Following th© NGT, an ISM «^ercise can be, performed using the relation 
". , . supports . . The resulting structure will indicate the degree of 
interaction among the various policy instruments, perhaps identifying ' "bundles" 
of policies which are mutually reinforcing. • - 

Following the completion of Steps 1 through 5, the class, with the help 
of the teacher acting as a facilitator, should try to genera,te an o;/erall 
synthesis that could then be documented by orte or two students acting in the 
role of group rapporteurs. 



TABLE IV-10: IDENTIFICATION OF ^OLICY INITIATIVES FOR IMPROVING THE 

ENVIRONMENTAl/aUALITY INDEX OF A METROPOLIS 



■P 

1. Reduced taxes on low-emNssion fuels. 

<* ■ I 

P ^ / 

2. Development of efficient publ ic transportatiol|^ system. 

^3. Introduction of bus lanafe on urban highways to encourage 
public transportation and car*I)ooling. 

P 

4. Staggered work hours and four-day work weeks. 

5. Charge for total effluent discharges, encouraging recycling 
in industries and conservation at home, 

P ^ ' 

6. Charge for .discharge of ilntreated wastes into waterways. 

^7. loiverslontff aircraft flight patterns from residential neighborhoods 

8\ Construction of landscaped or other buffer zones along all major 

. . highways , 
P 

9/ Government subsidy for using recyclable containers. 

^10. A levy on total quantifies' of* trash and solidl/astes generated, 

n . Introduction of new technology , for recycling of sol id' wastes . 



t9 

iners. - V 
il/astes generate 
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. ) ' CONCLUSIONS , ' • . 

By means of the two examples ^presented'in this Chapter we have tr%d 
to demonstrate the meanlngfulness and utility of studying human settlements 
through the use of«the collective inquiry techniques discussed 1n Chapter/^ 
III. The learning approach advocated in' both of the cases emphas.lzes the 
response of the'^arners. In this type of a learning atmosphere the teach^ 
^serves the role of the discussion ledcier and moderator instead of the teacher, 
being perceived as the "archive of .knowledge". 

The introduction of the Eki^tics framework, together wU/i the ./ • 
policy perspective, 'helps students to organize their .|wQ)4e;>^e an(J experiences 
on human settlement phenomena. The system for inquiry approach fncou^ges the 
students and the teacher to do more than jusj: "examine t|ie facts!, "rtiey ane 
invited to generate ideas regarding their perceptions of a problem situation,- 
to structure these ideas and pjresenjt them graphically, and to explore \he type 
of human actions or policies that would contribute fo the'resolution of the 
Droblem situation. ^ - ' . 

By ba$ir>g the inquiry approach to. the study of human settlements on syste 
and futures-oriented thinking we are helping students understand the^xoin^lex 
nature of societal problems, and t(^ appreciate the role of the human agent 
in terms of inventing policies for problem resolution. 

Additional examples, similar td those discussed in this repor^ will need 
•to be worked out in order to better, demonstrate and, cgmmunicatf the utility of 
the approach. In addifldn to: such techniques as ISM and NGT, other methods, 
will need to be designee) in a way th^t they can be easily implernented by 
high school educators. \ • ^ \ 
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'. r I CHAPTER V 

. ,^ A SYSTEMIC ASSESSMENT AND APPLICATION OF THE EKISTIGS TYPOLOQY 

■ '~ , ^'^ ■ --..^^ 

. INTRODUCTION 
After we applied the systems of inquiry to two niustrative cas«s, .li 
appeared desirable to investigate the degree to 'which the Ekisfics taxonqftiy as ' 
used in Chapter IV captures the ".universe of disj:ourse" of the field of Environ- 
mental Education. In order tb obtain some Lnformation regarding this issue,* 
we chose to analyse a sample of papers published by scholars and pracH:1tUners - 
of EE in the Journal of Environmental Education . 

Existing organizations of knowledge are largely thfe fesuJt ot evoljuflion , 
rather than of careful analysis and synthesis . ^ * Such knowledge organizations 
can be tolerated when they are insufficiently developed because they contHbute 

to broader purposes than their own construction. When It Is necessary to assim- , 

t 

llate knowledge across organizational structures, it becomes Important to struc- 

' ' If 

ture knowledge through careful analysis and synthesis. 

f 1 ■ 

The state of Evolution of a field of knowledge can be identified by means 
of a library literature survey. Index terms (key word^) provided in publications 

* * * ' . 

in the field can be used in the categorization of literature In the library. 

" • ' . ^ «. , 

In a given paper, index ..terms as a group' should optimally characterize the.paper. " 

Tndex terms do not have any standardized terminology and thus they fail to 

furnish Uhe essence of the papers *in many cases. For fexampl^, one paper starts 

th. . . this paper is neither aljout biology nor about anthropology, but about' 

general systems thinking and how it was used to bridge the gap between well 

developed models in one field (biology) and a new model in the other (anthyopology) 

. % . and the "index terms" given are 'adaptation', «4h1erarchy ' , 'cultural 
♦ ■ . . » # 



anthropology' , ' inhejfltance' . / To "diminish this conceptual confusion,. some, 
sort of analysis of organizations of knowledg#would be beneficial. I 
-In the. last three decades, several organizations of knowledge have emerged 
and are trying to estab>1sh themselves as separate dls-clplines. In some c^ses, 
various branches of a particular knowledge organization are Evolving spontaneously 
and -lndlvldually, without any 'significant coordination. No specific contents of 
the theory are given. An example is given for general systerfis theory.' 

What is general systems theory?. What are the contents of this theory? 
Many experts in the field have defined general systems theory in different ways. , 
Unfortunately, a careful analysis of the (|ontents of the general systems theory ' 
does not exist in the present literature. According to Klir,^^^ "general 
systems theory in the broadest sense refers to a collection of^general concepts, * 
principles, topis, problems, methods and techniques associated with systems. 
Although the name 'system' may h^e different meanings under different circum- 
stances and for different people, it ordinarily stands for an arrangement of 
certain components so interrelated as to form a whole. Diverse types of components 
and their interrelations represent different sy^siemsT^ Wha~t are these concepts, 
principles, tools and techniques? - 

One way to l^now about general systems theory is to analyze the research 
work which-has been done in this ^rea. A firstr effort Involved a content , analysis 
of several issues, of the International Journal of General Systems Mn an attempt 
to separate the content into an array of relatively independent subjects. This 
study provI'djBd a structure for general systems theory. • ^ 
It was found that'th^ i'ssues of the Journal that were examined could be 
I described using six b^oad descriptors; mathematical theory, philosophical » 
' theory, systems theory, systems methodology , social "^heory ^nd general, theory. * 
Each of thes^ Broad descriptors could be further categorized to le,nd specificity; 
E^boration appearS' in Oh > .. * * 
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Ekistics ha? been pr^oposed by C. A. Dox1ad1s \n an attempt to develop a^... 

science for human settlements . His rationale Is based on the realization 

■ v;-. . , * 

that human settlements are complex systems requiring the application of know- 

ledge from many disciplines properly organized and Integrated 'under the ru1)V;ic * 
of one science, namely Eklstlcs. . , * ^ 

Thel Eklstlcs Journal has attempted to establish a 'standardized terminology 
\) ■ . / ■ • \ . . ■ > ■ ■ ■» 

for the categorfzatlon of papers In the 'Journal' . Analysis of the ekistlcs 

typology (the one used In the Ek.lstlcs Jourpaf ) .Is discussed later on In this 
chapter. . * ' ' 0 -''^ 

. STANDARD EKIST^ TYPOLOGY 
The articles In th^ Ekisycs JournaT are;coded by the stale of a human 
settlement and an aspect as represented by a particular elj^lstlc element. The 
.content <ff each article Is c]^ass1f1ed within the ekistlcs grid as follows: 

f The^scale of the settlement(.s ) relevant to the . . 

article Is. selected from among 15 ekistlcs units, ' 
# *;?uch as : ^ ' . 

■ Anthropos T\ * - , ... 

Room .2 ' 



I 



. ■ ■ * 

Ecumenopolls 50,000 million 
A tree-like categorization of ekistlcs,,' as used. In the 
Ekistlcs Journal , Is represented by the hierarchy shown 
in Figure V-1 . The phenomena dealt with in each article - 
^are selected from among the subheads of the five ekistlcs ' 
elements: Nature, Anthropos, Soolety, Shells and Networks 
(see Figure V-1), Contents of each article are' .presented 
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Figure V-1, A Hierarchy for Ekiatlce 
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graph4cally In the jek1 sties- prld by tjdentlfying the 

eM,s tics elements and the .»cale of settlements 

addressed. Syntheses these elements Is also* , 

represented in the ekf sties grid. * • 

. ' CritiqMe of the Typolog y ' 

I * ' /' . ' " * 
This approach fojr graphic representation of.vthe content of an article 

^ssumes an "ideal ized|" rea^r (or subscriber to Ekistics Journal ) who can . . 
at a glance visual ly.'deterfnine his or her Interest in the materials presented 
1<i the particular/rttcle'. It is suggested that Very few Ekisttcs Journal 
readers develop adequate sensitivitjr to the ekistics grid so that by scanning 
the graphic representation they can make a meaningful Interpretation of the 
categorization as performed unilaterally by the e.ditor of the Ekistics Journal . 

Ekistics is , sub-divided up to a third level in the hierarchy shown In 
Figljre V-l . It appears that some of the elements at the third level Include 
several /concepts, which mVk the ekistics grid non-trai^sUtable*. Consider an 

; element at the third level ' t^i^a ns porta t ion systems: rpad, rail, alr'^ 

If thfs element <is given in the ekistics grid for an a^rtlcle,. It doei not say 
whicti particular transportation system(s) is. covered In the aftlcle. 



„ ■ I 

Yhe substantive complexity of a complex system oil issue can be j 
diminished by the Introdliction of structural comple^flty to descril^e 
that system or issue. No new complexities should be Introduced a^ 
a consequence of the graphics, otherythan those that have l^een shibwn 
to be Inseparable from the graphics/ A graphic is translatable If ft 
can be converfed|una[pbiguously 1nfep prose. See [l]!for.a detailed 
discussion. . - . . . i 
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FORMULATION OF A TYPOLOGY 



•In thts section we will 'briefly describe a method to deVeloVa typology 



for a knowledge organization. For this, we define the followfng; 

' ELEMENT: A concept which is necessary to describe the\ssence of ' 
afield of. a knowledge organization. It may not be sufficient. . 



SET OF ELEMENTS: A collection of elements which is^sufficlent to- 

describe the universe of discourse of the knowledge organization. 

■ ■ 

Let us refer to the set of elements comprised in such^ universe of 
V discourse, as the set D. Now, if our typology contains a classificatory or 
categorical concept M^ (i'l ,2,3, .. .N) , applicable to some but not all the ^ 
members of D, then, by employing M^ we may divide D into N subj^ets. Let N 
be equal to 2. Then we-may divide D into twojubsets: one containing each 
member of D^that M^ is true.of, or applies to, and one containing each membe^ 
of D th^t is not true of or Mg is true of. Also, elements (or members) of 
categorical concepts can themselves be categorical concepts. A transitive 
relation R is also i(dentified (such as an, inclusion relation) that determines 
an ordering among categorical concepts and their members. 

Let D'- a knowledge organization 
D .{d, , Dj. D3. D^. Dj, Dg) • 

• ■ ^2 ^'^^ t^'c^e categorical concepts. 

^ The hierarchy for D, is shown in Figure V-2. 
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In.sujntnary, a typDloglcal system should cotitain at least the following; 

a. A concept determining the typology's universe of discourse 

(e.g. human settlements) / 

. ' , ■ ■ ■■ [ 

b. A set of elements for the tyijology's universe of discourse 

' f 

c. Some categorical concepts • , 

d. A transitive relation R (e.g. an inclusion relation) that 
determines an ordering among categorical concepts, and their elements 

♦ 

'e. A graphic used to present the contents of an article that Is 

translatable ^ " ' \ 

, Deriving an €ki sties Typology 

In accordance with the discussion above on formulating typologies, 
we embarked on the derivation of an ekistids typology by analyzing 'the con-' 
tents of the following two references: 

(1) C. A. Doxiadis' book titled "Anthropol is"^^^ and 

(2) A report byNSthe Stanford Research Institute, funded by the 

A 

National Science Foundation, titled "City Size and the 

Quality of Life.-"^^^ 
Both these references address aspects of human settlements. We are 
making the assumption that the above two references exhaust the universe of 
discourse; After « cbntent l^lysis of the two references, we extracted the 
most important concepts as listed in Tables V-1 and V-2. 

, 'The concepts can , be O j^oanized in different ways to develop one or more 
hierarchical structures. An alternative approach is to analyze the standard 
ekistic typylogy asN^splayed in Figure V-1 In the light of the extracted 
concepts ant^ yhen modi fV the typology if necessary. This approach leads to 
the following observations, based on the use of the transitive relat1cji^>"1s 
Jndludfid in" as'shown in'splgure V-1. 

19V ' 
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' : Table V-l 

Concepts Extracted from- C. A. Doxiadis' Wk titled "Anthropplis" [6] 



CONCEPT 



CONCEPT 



1. 'Human CI t lea • v. | 33. HUman Coatacta 

2. Human Development - * 34. Creativity 

3. Soli, Air, Food, Water,, Trees, Houses 35. Garden 
4. if Contacts with Social Groups . 



■1- 



16. 
17. 



5. Protective Space 

6. Safety and Happiness 

7. Human Life 
B. Villages 

9. Urban. Systems 
10 • Design of Rooms 

11. Urban Change 

12. Transportation 
^xl3. City Change and Growth ' 

Pollution 
Quality of Life 
Pop\ilatlon . 
Noise 

18. Energy . . ^ 

19 • Population Growth 
20, Wasrc Water, Sewers 
21».' EcoirfoiTvy 

22. Society 

23. Culture ^ 
2A. Crime 

25. Social Interacitlon 

26. Factories 

27. Senses, Mind,, So\il 

28. , Cultural CroMps, Ethnic, Racial 
29» Physical Environment of the City 
30/ Environmental Problems 

31. Employment^ 

32. Plants 
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36: Neighbors 

37. Courtyard ' 

38^ Home Streets : 

"39. Transportation 

^0. Schools, College, University 

41, Car, Airplane . ' 

42-. Health 

43. Shopping Centers 

44. Physiological Needs ' 

45. Land Use 

46. Complexity 

47. Intolerant of Boriedom 

48. Generation Gap 

49. Ecology 
50V Perception 
,51. Animals 

52. Monumental Buildings 

53. ' Sergregated Communities (by age grout 

54. Character of Work Places 

55. Density 

56 . Communication 

57. Biological Heritage 
♦58. PsychologicaltHeritage 
59. Language* 



60. Work Place 

61. Easy Access to Nature 

62. Social Separation ^ 

63. 15 Ekistlcs Units 

64. 12 Phases o£ Life 



G 



Concepts Extracted from The 
CONCEPT 

1. City Size 

2. Quality of Life 

3. Vrbanlzatlon 

A. Metropolitan Areas 



table V-2 . ^ - . 

Stanford Research Institute Report [7] 

CONCEPT ^ ' • 




5. Population 

6. Urban Problems 

7. Conge3>4<$n ^ 

8. FffUutlon 

9. Health 

10. Crime 

11. Loss of Community 

12. Government Fragmentat; 
3. Urban Growth 

lA. L^nd Use Programs 

15. Economic Growth 

16. Ceographl^i Distribution 

17. Population Growth 
l'9* Population Balance 

L9i • Cultural Opportunities • 

,< !' 

iO. Life-gtyle^s 

,21 » Resources 

22. Cdmplcxlty 

^3. Envlronmtjntll Quality 

2A AlK Pollution ^ 

25. .Noise Pollution 

26. Traffic Deaths 

27. V Waste' Treatment 

28. Sewer Systems 

29. Emplojnrtent ^ ' 

30. Economic Forces 

31. Institutions 

32. Energy 



33/ Food Crisis"* / 

34* Populatlba Distribution 

35. Security ^ . 

36. * Survival ' * s 

37. Human Life ' 

' 38 . Social-psychological Attributes 
39. . Race ^ . . / 

40. Income ' 

Al. Alcoholism . ' 

A2. Migration 

43. Water 

AA. Parks, Trees ! 

A5. Air ' ' 

A6. Cultur^il Diversity 

A7. Social Paithologjr 

A8. Technology 

A9. Transportation V 

50* Communication 

51. Politics - 

52. Ecology 

53. W/%lfare 
5A. Democracy 

55. Industry 

56. Universities 

57. Racial Problems 

58. Drugs . f 

59. Violence ' 

60. Technology 

61. ^Economics 

62. Medicine 

63. Agriculture 
6A. Mining 
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• A careful analysis of the standard ek1 sties typology and the 

concepts given In Tables V-1 and V- 2 shows that the typology covers 
rhost of thfe concepts directly and some Implicitly. On the other 
hand, there are a few elements In the ekistlcs typqlogy which, 

h not explicitly listed In Tables V-1 and v/2, appear to 
be ImiDllcltTy Included In [6] and [7>. Only the "phases of 
aptliropos Ijfe'' irre not covered In the ekistlcs typology. 




Concep'ts such as faQ:^or1es and populatlon'included tn Tables 
V-1 andVr2 are explicitly covered In the ekistlcs typology, 
while such concepts as air pollution and water pollution seem 
■ to be covered Irnpllcltly by the subhead1r»g "environmental . 
^arialysis" shown in Figure V-1 as linked to the elclstic element 
V Nature." ^ 
Previously we said that t^\e graph"lcs used in the Ekistlcs 
Journal are non-translatable. The graphics can be made 
translatable by extending the 3-level ekislics tree (Figure V-1) 
to a 4-level tree, for example, a third level element 
'environmental analysis' qan be categorized as shown 1n 
Figure V-3. ' 
If we choose to compromise between extreme generality and extreme d^ail 
or . specificity. It appears that the rt^nrrdSrH'^lstlc typology is useful and 
meaningful for the construction of a science*of,4iuman settlements. In other 

words, on the basis of our systemic assessment of ^e ekistlcs typology, we 

) ' ' 

conclude that the classlcar typology used In the Eklstjcs Journal Is accept- 
able. However, It is still an open question whether or not 'phases of anthropos 
llfe'^stiobld be Introduced as a distinct concept in the typology. 
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IVIRONHENTAL EDUCATIOK 




■ / . ^ 

Though environmental education (K) ha^been 1n existence for a 
number of years, people\c^1nue to debate what Environmental education 
^1s and/or. should be. The Envlronmentjal Education Act of 1970 defined 
environmental education ^to mean "the educational , pM^cess dealing with 
man's relationship with his natural and manmdde surroundings, and 
Includes the relation of population, pollution, resource allocation and 
depletion, .conservation , transportation, technology and urban and rural 
planning to the total hjman environment." 

While the Enflronnjental Education Act gave a definition for 
^ environmental ediSktlon, It needed elaboration to put It in the 
i| context of educ^rftpn. For this purpose a study [8] was carried 
out to create -a normative model (also called 'Big Map' in [8]) 
to display graphically what concepts sjiould be Included, according 
to educatofs, legislators and researchers, 1n the domain of education 
dealing with environmental issues. 

The big map of EE Is discussed in [8] and In Volume 3 of this 
report. Elements (about 160) for the model came fcom fg], [10], the 
EE Act, and products of grants sponsored by the Office of Envi-ronmental 
Education, HEW. The relation used to structure* the elements was 
"should help achieve." The large number of elements led to a big 
normative model (given In T^D* This model can be visualized as seven 
subsets of related elemerji^i^ " / , ^ 

^^0^ » . ' , ' 



' J^' 1*^ann1nq Hes §it the base of the map and 5%ts Into motion -the 

development of Gojje themes, funding and tnHlt'utlohal -support v 

2. Learning Systems Des1<in Is largely corrcerned with d€|velop1ng 

and modifying curricula and community education approaches* ' 

to meet environmental education objectives. 

. 3. Personnel Development provides f6r training nf tpar.hpy>«; anH'. 
• - '■ ' ■ 

communi ty -educ^itl on facilitators. 

o Learning Activities Is the -actuaT* conduct of programs latd 
out 1ji Learning' Systeijis Design. - - 

5. Learning Outcomes Is the realization of the various environ- 
mental education goals set forth In the Act and elsewhere. 

6. ^ Delivery Systems and Support Includes activities that will 

1nst1tut1on%^e environmental education, and provide for 
d1s§efn1 nation, ofynew^y developed materials and^roa'ches'. 

7. ' Evaluation . ,11ke del Iverv systems and supp«fH\ Is a continuing 
set'of activities that Intermesh wl*fi the. first f4ve subsets. 



The stru'cture for the seven subset^s givej^ln Figure V-4 and thi; 
represents the educational domain." Detailed structures for each subset 
are given In [8]. F1gur^V-'5 shows the detail of one of the seven 

« 

* n 

subsets, ^Learning Outcomes' . 
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Figure V-4. .Schematic of Nonnatlvej Model Showing Sup«r«cructure 
(The arrow represents "should help achieve") 
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Environmental Education Typology 

A careful literature survey $hows that no typology exists for environ- 
mental education. A typology Is desirable for the analysis of the existing 

• * r, V 

literature and for planning the future evolution of t)i1s field. By using the 

procedure discussed earlier, a typology for ^environmental education can be 
constructed.- 

On the biasis of our researiiv and < findings reported here we feel confl- 
dent to Impute that the universe of discourse fpr ££ can be obtained tiy com- 
l^nlng the' superstructure of the big map with the ewlstlcs typology. The 
rationale for proceeding In this .fashion Is based on 
that the Ideas encompassed by the superstructure are 
of the educational domain. On the other hand, the subject matter of environ- 
ment, at least as It relates to human habitation, should be captured by the 
ekistlcs typology derived efirller. 

Thus, we cai\ say an EE typology consists of: (a) the environmental 
domain and (b) the educational domain. Graphically, the two domains are 
represented separately In Figures V-1 ancr V-6, respectively. In Figure 
V-6 we have transformed the superstructure represe,ntat1on Into a tree, 
using the relationship "Is Included /n," In order to make It symmetrical 
to the earlier transformation of the ekistlcs grid to an ekistlcs tree. 
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Applicatfon of Environmental Education typolo by. 

^ This section discusses, content-analyses of sixteen ^ssuesjl pf The Journal 
of Environmfental Education to determine the similarity b^tweej the conceptual 
and^emrtffof^ical orientation of the articles* in'thQse JournJv^i and tKe 
universe of EE discourse as identified above. ^ We selected a iample of 
Issues of the Journal as. specified in [11]. 

A careful content analysis of each paper was performed in order to 
Identify the most imptfrtant elements used 1,n the paper. Contents of each 
paper were analyzed with respect -<o- different elements jof 



4loroatn' ancUthe-' educational domain' (Figures V-l i^nd 



the 'environmental 



concepts were identified\for the paper. Elements covered by each p^aper are 

presented in Table V-3. ' Ed^h paper is represented by 'our| numbers. 

" ' . ' ' '* I 

First number: Volume number of Journal yf Enviro imenjtal Education 



Second number: Issue number of the volume 

Third number: Year of publication !of. the Journal 



-6)^ anj|l the relevant 



Fourth number: Starting page number^ of ,th^ paper ; 
For example, a paper represented by 9.4.).97Q.4 is from .Volume 9, Number 4 
of the year 1978 and it starts on page number 4. 

. We believe that the issues of the Journal considered in^hls study 
are representative of the research publishedin all issues of The Journal 
of Environmental Education . It appears from pur research that a majority of 
papers In the'l^ues of the Journal analysed cover elements falling jn the 
'educational doraprin'. It is suggested that morp papers should be published 
to cover the irenvironmental domain' for the Joi^rnal of Eni/ironmental Education 
to be representative of the organization of EE knowledge recommended in this 
report, , ♦ , " . • 
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Table V-3 



A 



Analysts of Papers Plibll shed in . 
Journal of Environmental •Education [11] 



Paper Number ^i^ment(s) 



Paper Number Element(s) 



5.1.1973. 1 
5.1 .1973. 4 



Planning 

Plannint, Envlron- 
ment^al Analysis 
Planning/, Environ- 
mental/Analysis 
Planning, Recrea- 
V tlonal Analysis / 

5.1.l973.2tMfev4iat1on / ^ 
5.K1973.23;; ' EyMu^ 



5. 1 .1 973/ -8 
5,1,1973'!]? 



'5.1.1,9y3.31 

5.1,1973.37 
5.1,1973.41 
5/1 .1973.43 
S*'.!. 1973. 45 

5.1.1973.51 

5.1 .1973.58 



Planning, 

Cbmmiinlcatlon/ ^ 
^ ^planning / 
ytla-nning,' Etrblogy 
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Delivery Systems and 
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Planning v ' 
Learning Systems Design, 
Value Judgment 
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CONCLUSIONS 



In this chapter we undertook a study /to explore the meaningful ness 
and viability of the standard ekistlcs t^ology by: (a) employing 
theoretical Ideas about. the use of typologlesNn the cons-tructtorT 
of social theory^ ' and (b) reviewing a selected set of materials 
In the fields of humfn settlement phenomenology and en^^nme^taV ; 



_jeducat1on. 



■:-4 



A review of [6] and [7] was undertaken In order to extract the 
most, significant concepts from these two publications. Ahe standard 
ekistlcs typology was assessed, using a systemic appro/ch and some 
/comments are made for Improvements of this typology* 

A typology for environmental education Is also proposed. 
Contents of sixteen Issues of the Journal of Environmental Education 
were an^yzed and a suggestion Is made for Improvement In the 

organization of this Journal 1n order for It to be more responsive 

'9' 

to the proposed EE organization of knowledge. ^ 
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, . AMNTRODUCTION TO 

« « 

ENVIRONtoTAL EDUCATION TfACHER TRAINING RESOURCES . 

The Far Wait Laboratory for ^Etlucatlonal Research and Development, 
supported by the U. S. Office of Environmental Education, developed a 
set of environmental education teacher training resources with an 
energy- focused perspective. The design ani| development of these 
resources was based on a conception of environmental education that 
Is consistent with the Environmental Education Act of 1970.. (P.L. 91-516 
and P.L. 93-278"^, as amended); 

0 Environmental Education should be holistic and Integrated... 
focusing, on and clarifying the complex relationships t 
existing between natural and human systems; and examining 
the many aspects and Interdependencles of both. ' 

V 0 Environmental Education should be Interdisciplinary... 
utilizing Information from a vaflety af fields or 
disciplines (including the natural sciences, social 
sciences, and humanities) in order to deal adequately 
with the natural, social, aesthetic, and ethical 
dimensions of environmental issues. 

, . 0 Environmental Education should emphasize problem-solving 

' and decision-making. . : presenting Isarners with reAl 

f environmental problems or Issues that are broad enough in 
scope to have regional, national, or global significance. 
It should engage learners in, values clarification, 
problem-solving, plarrning, and decision-making activities 
that prepare them for dealing with environmental problems 
and Issues that affect individuals and Society. * 

The resources developed are of two kinds; teacher- training models 
and teacher-training materials. The models are conceptual documents 
whose purposes are to describe the various dimensions and priorities 
of an environmental education teacher training program. The teacher- 
tr2(1n1ng materials are ^designed to be used in secondary preservice or 
inservice programs, continuing education programs, or utilized by 
small groups of teachers who wish to Increase their understanding of^ 
and competence in dealing with energy and environmental Issues in the 
classroom. ^ . 

The Environmental Education Teacher-Training Models 

t 

Four Environmental Education Teacher Training models were- developed, 
each targeted to a different group of educators: high school teachers, 
natural iscience teachers (grades K-9), social science^^eactiers (grades 
4-12), and community leaders (in environmental education). 



Each model contains sections that define, characterize, or describe 
the following asjsects "l^f an environmental education teacher-training 
program: a rationale an(l definition of environmental education, 
general behavioral objectives,, the curriculum, content, general 
Instructional manjSigement arrangements, and Implementation processes 
and* activities. Each of the four models was designed to -address 
the following basic user concerns: 

» ., ; ■ . ■ ' * ' 

0 What general knowledge, skills,, and attitudes am I to acquire? 
" 0 Wh^t EE cofttent- do I need to, know? ■ ' ■ ^ ^ 

0 What Instructional or learning arrangements are needed? 

0 What physical and Ipglstlcal arrangements are needed? 

The Content Sourcebook. ' 

The Content Sourcebook presents an elaborated and ai^oljated 
discussion of the Content Specifications gtVen In each of the modfils, 
and Is Intended to provide a more detailed understanding "of the 
resources needed to develop a "holistic a'nd transdisclpl Inary" 
environmental education curriculum. 

The Content Sourcebook elaborates on t^e following curriculum content 
areas: a sji'stems approach; problem-solving and decision-making; 
energy/ environmental career-related decisions; holistic lifestyle 
assessment; Ideal environmental worldvlews; fundamental concepts 
of energy; energy resource delivery systems; forecasting, planning, 
and policy formation; and futures thinking. 

The Content Sourcebook also provides a good deal of supportive 
materials. Including: 

0 THE US£R STRATEGY— describes applications of the EE training 
models for their Intended users; descV'Ibes the components of 
an EE curriculum. \ 

0 ENVIRONMENTAL EDUCATION ENTITIES-descrlbes 12 key concept/topic 
areas Interpreted from the EE Act of 1970 and other. Office of 
Environmental Education documents. 

0 ISSUES OF NATIONAL PRIORITY-presents narrat1\^ descrlptloiis 
of ten major energy or envlronmenlfSl Issues that can provide 
^ the basis for the development of EE curricula. 

0 SUBJECT MATTER/CULTURAL PROCESS MATRIX-provldes a structure 
for thinking about EE curricula content In terms of: (a) EE 
principles and concepts; (b) Instructional learning resources; 
and (c) competencies (for the environmental ly aware and literate 
citizen) for each of the various curriculum content areas. 

* 0 A BIBLIOGRAPHY for each of the curriculum content^ apeas, and a 
GLOSSARY are provided. 
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The Energy- Focused Environmental Education Teacher Training ^.Un Its 

The four unltjAor "modules") In this series comprise a^ 
basic set of Introductory materials consistent with thie need 
described In the EElAct. These units were derived from , the High School 
Teacher Training Model— described above—that was developed by the 
far West Laboratoryin 1977. This model provided a rationale and 
guideline fpr developing teacher training materials that fpster a 
holistic understand'ing of our natural- and human-fashioned environment and 
for presenting this understanding In the context of environmental 
Issues rather than as a simple^ presentation of subject matter. 
Integrated^ within the four modules are the learning procestes that 
allow teachers to explore the numerous Interactions between the systems . 
of humanity and nature and," In so doing, promote thetr 
environmental] awareness as citizens. Each training unltjn the 
series deals with a different environmental Issue. These are 
described below: . . 

Optimal Use of Finite Land Resources 

Teachers will use a carrying capacity methodology to examine " 
' finite land resources, population dynamics, and available 
energies that 'must be In dynamic equilibrium In order to 
maintain a stable balance between the needs of urban and 
'agricultural systems as they develop and grow, and the - ' 
needs-.of natural systems to maintain ecological Integrity, 

Energy-Intensive Urban Growth and the Quality of Life / 

Teachers will examine the pattern of U. S.. urban growth 
as influenced by economic and other considerations and 
compare these with considerations for enhancing the 
quality of life. They will examine the potent4al of 
current urbanization to reverse its present trend 
toward high er^rgy costs with decreasing quality of 
life for urban society. They will also examine the 
implications of envisioned future patterns or urbanization 
^ on energy costs and the quality of life. 



Energy-CoHserviftq Resource Utilization ^ 

Teachers will compare a variety of energy conservation 
strategtil and their contributions in terms of a stewardship 
Approach to resource utilization and conservation. They 
" \11 analyze the conservation recommendations of the 

ional Energy Plan and a^t as a Task Force Committee to 
propose conservation measures f6r a local community. 
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€nergy Resource Delivery and Use * 

Teachers will examine the role of energy Jfh changing cuUuiral 
. , , contexts. They will study the nature and^ uses o,f 

. various, conventional and nonconventional energy resources, 
examine the dimensions of er^ergy policy making, and evaluate 
the Implications of differing means of energy delivery 
In terms of technical efficiency, and environmental and 
social Impacts. They will also apply holistic Criteria 
to the evaluation of an energy policy plan. 

Each training unit or module- follows a s1n)1Ur presentation format: 

0 An INQUIRY section that presents they^^cts, concepts, and 

principles associated with an energy-environmental Issue. 

This section Includes ^ext> readings, and activities. 

* ■ • • 

0 An INTEGRATION section that presents a planning and decision- 
ma klnyTTmuTatl on Involving the Issue In a practical setting. 



An APPLICATION section that presents a set of general guidelines 
for planning and Implemenljlng Instructional units emphasizing 
the issue. 




Further Information 

For further information on any of these documents or nK^terials, 
write to: . 

Bel a H. Banathy < 
Executive Research Director 

Far West Laboratory for Educatlojifal Research and Developmen 
1855 Folsom,St. ' 
^ San Francisco, CA 94103 

Ordering Materials 

To order materials, write to 

, National Teaching Systems^ 

1137 Broadway 
Seaside, CA, 13955 

Approximate Prices 

EE TeacheV Training Models: 

High School Teachers ' $6.00 

Natural Science Teachers. $6.00 

Social Science Teachers $6.00 

^ • Community Leaders $6.00 
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EE Content Sourcebook 

Energy- Focused EE Teacher-Training Units 



$.12.00 



Optimal Use of Finite Land Resources ^ $8,00 

Energy Intensive Urban Growth and Quality of Life $8. "00 

Energy-Conserving Resource Utilisation $8.00 

Energy Resource. Dell veny Use $8.00 



4^, 



* The foregoing section (with minor editing) was furnished b> 
The Far West Laboratory for Educational Research and Developftient 
We appreciate their furnishing this material. 
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Dr. Alexander Chri;stakis . ^. .> 
Unir^ersity of Virginia 
Engineering Science and Systems Department 
Room- 234 A & M Building 
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Bro. Raymond Fitz * 
Office of the President 
University of Dayton 

Dayton, Ohio 45469 * ^ 
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Dr. H. Grant Goodell 
. Department of Environmental Sciences 
Clark Hall 

University of Virginia 
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Dr..R. W. Hpuse 
Box 6188, Station B 
School of Engineering 
Vanderbilt University 

Nashville, Tenhessee 37235 * 
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Dr. Robert Waller 
Department of Business 
University of Northern Iowa' 
Cedar Fall.s, Iowa 50613 
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Office of Sponsored Programs . ' ■ 
Madison Hall 
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J. N. Warfield 

Department of Electrical Engineering ^ 
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UNIVERSITY OF VIRGINIA «^ 

School of Engineering and Applied Science^ 

' The University of \Ar9lnia's School ^of Engineering and Applied Science has an undergraduate 
enrollment of approximately 1 ,300 students with a graduate enrollment of approximmely 500. Th^re are 
1 25 faculty members, a tTj^ajority of whom conduct research in addition to teaching.^ 

Research is an integral part of the educational program and interests parallel academic specialties. 
These range from the classical engineering departments of Chemical, Civil, Electrical, and Mechanical and 
Aerospace to departments of . Biomedical Engineering, Engineering Science and Systems, Materials 
Science, Nuclear Engineering and Engin^jBriig Physics, and Applied Mathematics and Computer Science. 
In addition to these departments, there are interdefyartmental groups in the areas of Automatic Controls and 
Applied Mechanics. All departments offer the ' doctorate; the Biomedical and Materials Science 
(^partments ^rant only graduate degrees. 

The School of Engineering and Applied Science is an integral part of the University (approximately 
1.530 full-time faculty with a total enrollment of aboi^t 16,000 full-time students), which also has 
professional schools of Architecture, Law, Medicine, Commerce, and BusiniGfss Administration, In addition^ 
the College of Arts and Sciences houses departments of Mathematics, Physics, Chemistry and others 
relevant to the engineering research program. This University community provides opportunities for 
interdisciplinary work ir! pursuit of the basic goals of education, research, and public service. 

9^ A 
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